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"  Dr.  Mark  has  done  good  service  to  the  student  in  translating 
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our  knowledge  of  embryology." — Lancet. 

"  There  was  a  decided  want  for  a  text-book  of  this  nature.  .  .  . 
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essential  for  the  student  of  zoology.  It  gives  exactly  what  is 
needed  for  instruction  in  the  principles  of  development  and  in  the 
details  of  that  process  as  represented  in  the  highest  group  of  living 
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TBANSLATOB'S    PREFACE. 


Tin:  rapidly  incivaMiii:  recognition  of  tin-  important-. •  OJ 
in  all  iiioi-phol.^ieal  studies  makes  it  dr>iraMo  t  hat  \  lit-  mo-t   val 
text  lx.>oks  upon  tin- -ubjeet,  in  whatever  language,  be  made  available 
for  those  who  are  be^innin^its  study.    Although  the  English-ren 
student  already  ha-  at  command   a    nuinher  of   tt-xt-books  upon   this 
subject,  it  is  evident  to  any  one  familiar  with  1 1  nvwio'l 
EntwicJdungsg&chicJtie  des  Menschen  und  der  Wirl^lthiere  that  this 
work  covers  the  field  of  Vertebrate  Embryology  in  a  more  complete 
and  satisfactory  way  than  any  book  heretofore  published  in 

Two  important  objects   to  be  accomplished  in  a   text-book  are  : 
lir.-t,  a  clear  and  methodical  exposition  of  the  well-established  : 
of   the   science;  and,   secondly,    such   a    presentation   of   unset 
question-   :i>  .-hall  -timulate  the  reader  to  further  inquiry  and  re- 
search.    I  believe  it  is  far  too  common  for  the  second  of  these  aims 
to  be  overlooked.     The  present  work  fuliils  both  requirement.-  i 
eminent  degree,  and  in  its  historical  surveys  exhibits  an  exceptional 
fairness  of  treatment,  no: withstanding  the  author  has  been  one  of 
the   foremost   contestants  in  several  of  the  fields  reviewed.      The 
summai  ie-  which  follow  the  discussions  of  the  several  topics  serve  a 
u.-eful  purpose  in  directing  attention  to  the  more  important  conclu- 
sioii>  drawn  from  each  subject. 

I  have  aimed  to  give  a   c  i  accurate  reproduction  of 

author's  ideas;  while  I  have  endeavored  --not  always  successfully — 
to  avoid  awkward  renderings  and   <  lei-man   idiom-,  1  have  preferred, 
to  err  on  the  .-ide  of  a  too  literal  rather  than  a  too  liberal  tran-l;r 
There  are  a  fen  point.- that  demand  a  brief  explaiiat  i.,n.     The  Gen 
word    .\nj'i<i'    has   heretofore  been  variou.-ly   rend*  ^rUsh 

by  rnlim -lit.  -//  .  basis,  foundation,  etc.,   while  some 

writ-  piising  the  inadequacy  of  any  of  the.--  \\-or.l-  to  express 

the  idea,  have  incorporated  the  German  word  it -elf  in    their  Knglish. 

TheJ//;'/:,"   <-f  a  structure   i-    r  ited 

state — the   object    in    a    simple   condition    which   is  de-tined  to  be 
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followed  by  a  more  complicated  one.  The  use  of  rudiment  in  this 
sense  is  undesirable,  because,  in  the  interest  of  scientific  accuracy,  it 
is  important  to  restrict  its  meaning,  as  in  German,  to  a  structure 
which  is  not  destined  to  become  more  complicated,  but  which  may  have 
been,  either  ontogenetically  or  phylogenetically,  even  more  highly 
developed  than  it  now  is.  Origin  and  beginning  are  abstract  terms, 
whereas  A nlage  is  more  frequently  used  in  the  concrete;  basis  and 
foundation  (Grundlage)  convey  a  wrong  impression — that  of  the  sub- 
stratum upon  which  the  structure  is  erected.  The  need  of  a  new 
word,  which  shall  be  used  in  the  sense  of  Anlage,  is  evident.  I 
suggest  the  adoption  of  an  already  existing  word, — -fundament, — used 
at  present  only  in  a  sense  with  which  the  proposed  usage  will  not 
produce  confusion.  This  word  has  been  uniformly  employed  in  the 
present  translation,  and  the  reader  will  see  how  readily  and  naturally 
it  lends  itself  to  this  use.  Fundament  would  thus  bear  the  same 
relation  to  foundation  that  Anlage  does  to  Grundlage. 

I  have  also  departed  from  authorised  usage  by  sometimes  employ- 
ing for  Bindegewebe  and  Stutzgewebe  the  term  sustentative  (in  a 
mechanical  sense)  tissue,  instead  of  connective  tissue.  My  reason 
for  this  is  the  narrower  meaning  of  connective  as  compared  with 
sustentative. 

In  deference  to  a  custom  still  followed  in  Human  Anatomy,  the 
author,  in  describing  the  relative  positions  of  parts,  has  very  generally 
used  anterior  and  posterior  for  dorsal  and  ventral,  etc.  Instead  of 
converting  these  expressions  into  terms  which  are  independent  of  the 
temporary  position  of  the  organism,  as  I  should  have  preferred,  it 
has  seemed  better  to  indicate  the  direction  by  a  bracketed  word  in 
re  •  '  oderstanding  wae  mosl  lik«-ly  t«>  mvur.  It 
has  of  course  not  been  necessary  to  repeat  this  after  each  term  of 
direction,  but  only  after  the  first  one  of  a  series,  the  reader's  atten- 
tion being  thus  sufficiently  directed  to  the  matter  to  prevent  any 
misconcep' 

The  rapid  advances  in  Embryology  make  it  impossible  for  a  book 
two  years  old  to  be  a  faithful  reflection  of  the  science  of  to-day  in  all 
its  branches ;  there  are  some  topics  in  which  even  radical  changes 
muKt  be  recogiUKed.  I  have  thought  best,  however,  to  reproduce  the 
book  as  it  left  the  hands  of  its  author,  and  to  content  myself  with 
calling  the  reader's  attention  to  some  of  the  topics  in  which  the  most 
important  advances  have  been  n.  h  as  the  metamerism  of  the 

head,  and  the  plan  and  metamorphoses  of  the  vessels  of  the  visceral 
archeft. 
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I   am    iimlcr  v«-ry  'gn  at   obligations  to  my  colleague,  Dr.   C.   B. 
nport,  for  kind  a.-sistam-e-  ami  valuable  criticism,  "tit  for  which 
many  defeota  of  the  tranalatipn  would  have  l"rn  overlooked.     1  am 
idflo  indebted  to  Drs.  T.  G.  Lee,  H.  B.  Ward,  ami  \V.  McM.  Wood- 
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AUTHOB'S    PREFACE 

TO    THE    FIRST    EDITION. 

"  Die  Entwickelungsgeschichte  ist  der  wahre  Lichttrager  f iir  Untersuchungen 
uber  organische  Korper." — C.  E.  v  BAER,  "  Ueber  Entwickelungsgeschichte 
der  Thiere  "  (Bd.  I.,  S.  231). 

THE  Embryology  of  Animals,  although  one  of  the  youngest  shoots 
of  morphological  research,  has,  nevertheless,  grown  up  in  the  course 
of  sixty  years,  along  with  the  cell-doctrine  and  that  of  the  tissues,  to 
a  vigorous  and  stately  tree.  The  comprehension  of  the  structure  of 
organisms  has  been  extended  in  a  high  degree  by  numerous  develop- 
mental investigations.  The  study  of  the  human  body  has  also  derived 
great  advantage  from  the  same.  In  the  newer  anatomical  text- 
books (GEGENBAUR,  SCHWALBE)  Embryology  is  receiving  more  and 
more  attention  in  the  description  of  the  separate  systems  of  organs. 
To  what  extent  many  things  may  be  more  clearly  and  attractively 
described  in  this  manner  is  best  shown  by  a  comparison  of  the  des- 
criptions of  brain,  eye,  heart,  etc.,  in  the  older  and  the  more  recent 
anatomical  text-books. 

Although  it  is  generally  recognised  that  Embryology  constitutes  "  a 
foundation-stone  of  our  comprehension  of  organic  forms,"  neverthe- 
less the  attention  which  its  importance  warrants  is  not  yet  given  to 
it ;  it  is  especially  true  that  it  has  not  become  as  extensively  as  it 
should  be  a  component  of  well-rounded  medical  and  natural-history 

ruction,   to   which   it   is   indispensable.      The   cause   of  tl. 
perhaps  in  part  to  be  sought  in  the  fact  that  in  student-circles  the 
study  of  Embryology  is  often  held  to  be  especially  difficult  and  a 
comprehension  of  it  to  be  laborious.     And  thus  many  do  not  venture 
into  this  apparently  obscure  realm. 

But  ought  the  development  of  an  organism  to  be  really  more 
difficult  to  comprehend  than  the  complicated  finished  structure  ? 

To  a  certain  extent  this  was  the  case  at  a  time  when  the  most 

divergent  and  contradictory  opinions  prevailed  concerning  many  of 

most  important  processes  of  development,  such  as  the  formation 

of  the  germ-layers,  the  protovertebne,  etc.,  which  the  lecturer  had  to 
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take  into  account,  ami  when  many  processes  were  not  yet  understood 
in  their  6880006  and  their  >i^ni!ieancc.  Hut,  thanks  to  (lie  results  of 
Comparative  Kmhryolou'y,  lli"  numher  of  the  unintelligible  ])rocesse8 
has  been  every  year  (liininishrd,  and  in  tin-  same  ratio  the  <t  udy  of 
Kmbryol.i.iry  e\en  for  the  l.e^innei'  has  hem  rendered  ea>ier. 

At    least,  it  is   not  in  any  way  an  es>ential    feature  of    the  pn 
of  development  that  it  should  he  more  difficult  to  understand  than 
the  structure  of  the  completed  form,      l-'m-  every  development  begin* 
with  a  very  simple  condition,  from   which  the  more  complicated  i> 
gradually  derived  and  hy  which  it   is  explained. 

Inasmuch  us  I  have  for  twelve  years  pursued  the  study  of  Embry- 
ology with  especial  interest,  both  in  annually  recurring  academic 
lectures  and  in  a  >eries  of  scientific  investigations,  the  de-ire  ha> 
been  awakened  in  me  to  acquire  for  Embryology  a  broader  and  more 
secure  foundation  in  education,  and  to  procure  for  it  admission  into 
larger  circles  of  medical  men  and  well-educated  naturalists.  As  the 
result  of  this  there  has  come  into  existence  the  book  which  is  before 
us,  in  which  the  especial  problem  has  been  to  make  the  complicated 
structure  of  the  human  body  more  intelligible  through  the  knowledge 
of  its  development. 

For  the  solution  of  this  problem  I  have  in  the  present  text-book 
placed  the  comparative  method  of  inr estimation  in  the  foreground.  I 
do  not  thereby  find  myself  in  any  way  in  opposition  to  another 
tion  of  embryological  research,  which  places  the  objective  point 
in  the  physiological  or  mechanical  explanation  of  the  form  of  the 
animal  body.  Such  a  direction  I  hold  to  be  fully  warranted,  and  I 
believe  that.  in>ti  ad  of  being  opposed  to  a  comparative-morphological 
direction,  it  can  ho  of  the  most  permanent  value  to  it  in  the  solution 
of  its  problems.  One  will  find  that  I  have  here  given  full  attention 
to  the  mechanico-physiological  explanation  of  forms.  Compare  the 
sections  on  cell-division  and  ( 'hapter  IV.,  "General  Discussion  of  the 
Principles  of  Development,"  in  which  the  laws  of  unlike  growth  and 
the  processes  of  the  formation  of  folds  and  evaginations  are  treated. 

In  the  presentation  of  the  separate  processes  of  development,  in 
the  main  the  important  things  only  have  been  selected,  the  sub- 
sidiary left  out,  in  order  thus  to  make  the  introduction  into 
embryological  study  easier.  In  the  case  of  fundamental  theories 
I  have  gone  into  their  history  extensively,  because  it  is  of  great 
interest,  and  under  certain  circumstances  operates  as  a  stimulus, 
for  one  to  see  in  what  way  the  *tate  of  a  sci>  ntilic  question  for  the 
time  being  has  bt en  attained.  In  pending  controversial  questions 
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I  have,  it  is  true,  employed  chiefly  as  the  foundation  of  my  pro 
sentation   the    views    which  appear   to   me  the   most    entitled    to 
acceptance,  but  have  not  left  unmentioned  opposing  conceptions. 

Numerous  figures  in  the  text,  as  well  as  some  colored  plates,  will 
contribute  materially  to  the  easier  comprehension  of  the  various 
developmental  processes. 

I  submit,  then,  this  text-book  to  physicians  and  to  students  of 
medicine  and  the  natural  sciences,  with  the  desire  that  it  may 
promote  and  facilitate  the  study  of  Embryology  in  wider  circles,  and 
that  it  may  thereby  contribute  to  a  deeper  insight  into  the  structure 
of  our  own  bodies. 

OSCAR  HERTWIG. 
JENA,  October  1886. 


AUTHOB'S    PREFACE 
TO  THE  SECOND    EDITION, 


Tin:  friendly  nveption    which   the    ••  Text-book  of 

of  Man  and  Mammals"  ha  >  found,  i-  an  indicatioo    •  !  osed 

interest  \\hich  this  branch  of  Morphology  now  meets  with. 

ren  more  than  a  year  ago,  after  the  iii>t  pan  of  tl  '"ook 

appt  ared  and  while  the  second  part  was  in  the  press,  tl;  ity  of 

preparing  a  second  edition  became  evi> 

In  this  edition  fundamental  chan-es  have  not  been  und 
the  text  has.  however,  undergone  an  exp:in>i«n  in  some  places,  owing 
to  the  attention  given  to  several  work.-,  which  have  recently  appeared. 
Thi>  has  been  the  i-uso  with  the  section  on  the  first  developm« 
processes  of  the  egg  (Wi: H.MANN.  I'.;  -  >  :  that  on  the  origin  of 

the  vascular  system  (RABL,  I^KKLKT);  that  on  the  development  of 
the  i'u'tal  membranes  (DuvAL,  OsBoux)  ;  and  that  on  the  human 
plan-nta  (  KASTSCHKXKO.  WAI.DKYI'.K.  Kf<;E). 

As  the.-erond  part  of  the  text-Look  !.as  jn>t  ap:  hns  been 

le  to  incorporate  it  in  the  second  edition  with 

It  has,  furthermore,  seemed  to  me  expedient  in  the  second  edi 
to  distribute  at  the  ends  of  the  several  chapters  th.-  >ynop-es  of  the 
literature,  which  in  the  first  edition  were  DTOUg  t  theclose 

of   the  whole  work.     Finally,   there    has   been   added 
subjects,  liy  which  a  more  rapid  on  concerning  the  separate 

topics    will  be  facilitated  ;  this    will  -6  of  the 

work. 

.May  the   book  in   this  form   make  for  '  .  not  only 

among  students  of  medicine  and  the  natural  sciences,  but  al>o  with 
all  those  who  have  a  fond:  a  comprehension  of  studies 

in  natural  science. 

JL.XA,  I'cbniarij  18S3. 


AUTHOR'S     PREFACE 

TO   THE   THIRD   EDITION. 


IN  the  two  years  which  have  elapsed  since  the  appearance  of  the 
second  edition  of  this  text-book,  our  knowledge  of  the  embryology  of 
Vertebrates  has  experienced  many  important  enrichments,  thanks  to 
the  numerous  investigations  which  are  annually  published.  There- 
fore, as  the  problem  of  preparing  a  third  edition  of  the  text-book 
confronted  me,  I  was  compelled  to  make  extensive  changes  in 
many  places.  Thus  the  second  and  third  chapters,  concerning  the 
processes  of  fertilisation  and  cleavage  of  the  egg,  have  undergone 
expansion,  owing  to  the  presentation  of  the  important  discoveries 
which  have  been  made  on  the  the  egg  of  Ascaris  megalocephala.  I 
have  given  an  entirely  new  wording  to  the  ninth  chapter  on  the 
development  of  connective  substance  and  blood,  also  to  the 
sections  on  the  origin  of  the  urinary  organs  and  the  development  of 
the  peripheral  nervous  system,  and,  finally,  to  the  account  of  the 
development  of  the  heart  and  the  venous  system.  Also  at  other 
places  one  will  often  recognise  the  hand  of  improvement. 

The  third  edition  has  been  essentially  improved  by  the  addition  of 
thirty  new  figures,  which  I  have  taken  from  the  investigations  of 
VAN  BENEDEN,  BOVERI,  DUVAL,  FLEMMING,  HERMANN,  His,  BORN, 
GEGENBAUR,  NAGEL,  VAN  WIJHE,  GRAF  SPEE,  BONNET,  and  KEIBEL. 
Through  the  friendliness  of  Professor  VAN  BENEDEN  I  was  also  put 
in  a  position  to  employ  for  my  text-book  three  figures  out  of  his 
hitherto  unpublished  extensive  work  on  the  development  of  the 
germinal  layers  of  the  Babbit.  By  means  of  the  increase  in  the 
number  of  figures  I  hope  that  I  have  been  able  to  render  still  easier 
the  comprehension  of  many  of  the  processes  of  development. 

And  so  I  close  the  preface  to  the  third  edition  by  expressing 
my  thanks  to  all  those  who  have  rendered  me  friendly  aid,  and 
especially  to  the  publisher,  who  in  the  further  equipment  of  the 
text-book  has  met  my  wishes  with  the  greatest  willingness. 

OSCAR  HERTWIQ. 
BEBLIN,  March  1890, 
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INTRODUCTION. 

TIIK    history    of    the    <l-\  -  lopn  cut    ».f    th"    individual,    or    <! 

bryology),  is  the  science  of  the  growth  <»f  an  organism] 

scribe^  the  morphological  chants  uhich  :in  orpini-m  j»a>s»  s  through 
from  its  origin  in  tin-  ovum  up  to  its  comj)l«  t«-  mat  nrity,  and  present** 
thtsi-in  their  natural  connection.  \\V  C  <1  tli'-  tVrtili- 

of  the   ( 'gg-o  11    as    tin-    In -ginnin;:    of    the  process    of    devt  lopiin  li 

\'«-i-trlirat.  B,  afi  it  :il>«>  is  for  all  the  rest  of  the  higher  animals. 
In  ^ivin^  an  account  of   the  changes  of   the   r^'-rrll.  \\liicli  1. 

with  fertilisation,  one  may  choose  between  two  different  m<  th«.il>. 

.•online  to  one  meth<  <1  a    particular  or^Miism  is  mad-  the  i 
of  the  accounu  an<l  (me  »i«  Bcribes  the   ciianir'  s  which  its  p-nn  umli-r 
goes  from  the  moment  of  fertilisation  onward,  from   hour  to  hour-, 
and  from  d.-.y  to  day.       It  i.>  in  this  way  that   the  embryology  of  the 
Chick  IIMS  be-  n  worked  out  by  ( '.   Iv  \"\   l;\i:i;  in  hi>  i-la— ical  j 
and  by    FOSTKK  AND  BALFOI  u  in   their  "  Kl«'ii;«-m>  <>f    Embryology." 

ThiN    inetlK'd  lias   the    ;id\  a  lit  air-    that   th«']-eadtr    ac(|uii'.>a    vi.wi.f 
the   total   condition   of   MI    or^ani-m    in    tlie   st  |>ai-ate  .-ta!_r's  of    it^ 
lopment. 

A    book   of    that    kind    is    »>p.  cially    ^uitaiile   for  Mich    ^ 
doire   to   aci|iiaint    t  hemseivi  s,  by   tin  ir   own    oh^ervatioii.   with   the 
embryology   of   a    single    animal,    as,     for    «  xample,    the    (.'hick,    by 
repeating  the   in\  e-tiirat  ions  of  (.th»r>.      h   is.  on   the  contiai-x. 
adapted    to    those    \\  ho    wish    to    acquire    a    connecied    \i.\\     of   tin- 

development  of  the  separate  ori:an-.  a>  the  eye,  the  h.  ai-t.  tin-  brain, 

(  tc.      For  the  formation  of  these  will  of  eour>e  be  t  ivati  d  of  at  dill'. 
placo  in  d»  >ci-ibiiiir  ynunirer  and  older  einbryo>.       In  order  t- 
a     iTeiu-ral    >Ulvey    of    the    collide    of    d«-v«  lopn.enl     of    an    or^an,    tlie 
rt  ;,der  mu>t  consult   various  places   intln  -k.   andcolhc; 

bim>elf  what   relat.  -  to  the  Mib;. 

I'd-    beginner-,  and    for    the    HIM  ds    of    theoretical    instruction    ir 
Embryology,  the  second  mei  In  d  loinmrnd.-  it>elf.  in  which  the 
organs  are  con>idered   in   >ucct'->ion.  «-arh  tor  it>elf.  and  tin- changes 
\vliich  a  single  organ   has  to  pa-s   thicu-h   dining    d«  v<  lopi 
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set  forth  connectedly  from  beginning  to  end.     It  is  in  this  way  that 
KO'LLIKER'S  "  Embryology  of  Man  and  the  Higher  Animals"  is  written. 

The  second  method  is,  moreover,  the  only  one  applicable  when  the 
problem  is  to  investigate  in  a  comparative  way  the  development  of 
several  organisms,  and  to  fill  up  the  gaps  which  exist  in  our  know- 
ledge of  one  by  that  which  we  know  concerning  nearly  related 
animals.  But  it  is  precisely  in  this  position  that  we  find  ourselves, 
when  we  wish  to  acquire  a  survey  of  the  development  of  the  human 
body.  An  account  which  should  limit  itself  to  that  which  we  know 
about  Man  would  exhibit  numerous  and  extensive  gaps.  For  up  to 
the  present  the  eye  of  man  has  not  seen  how  the  human  ovum  is 
fertilised,  how  it  divides,  how  the  germ-layers  are  formed,  or  how 
the  establishment  of  the  most  important  organs  is  effected.  It  is 
especially  the  period  of  the  first  three  weeks,  during  which  the 
greatest  variety  of  fundamental  processes  of  development  take  place, 
concerning  which  we  know  next  to  nothing ;  there  is  also  little 
prospect  that  a  change  will  soon  occur  in  this  regard.  The  time 
will  therefore  perhaps  never  come  when  a  complete  embryology  of 
Man  in  the  strict  sense  of  the  word  will  be  possible. 

However,  the  existing  gaps  can  be  filled  out  in  another  manner, 
and  one  which  is  entirely  satisfactory.  The  study  of  the  most  widely 
differing  Vertebrates  teaches  us  that  they  are  developed  according 
to  a  common  plan,  that  the  first  processes  of  development  agree 
in  all  really  important  points,  and  that  the  differences  which  w<» 
encounter  here  and  there  are  produced  by  causes  of  a  subordi- 
nate kind,  as,  e.g.,  by  the  egg's  possessing  a  greater  or  less  amount 
of  yolk. 

When  we  see  that  the  establishment  of  the  central  nervous  system, 
of  the  eye,  of  the  spinal  column,  of  the  viscera,  etc.,  takes  place  in 
Mammals  on  the  whole  just  as  it  does  in  Amphibia,  Birds,  and 
Reptiles,  the  conclusion  is  near  :it  hand,  and  justified,  that  .Man 
also  in  his  development  is  no  exc<  ption  to  this  general  phenomenon. 
Thus  in  the  study  of  Embryology  we  are  naturally  led  to  the 
parative  method.  What,  owing  to  the  nature  of  the  difficulties,  we 
cannot  learn  directly  about  the  development  of  Man,  we  seek  to 
deduce  by  the  investigation  of  other  Vertel.rat.-. 

In  earlier  decennia  the  Hen's  egg  was  the  favorite  object,  and  it 
is  upon  this  that  we  possess  the  most  numerous  and  most  complete 
series  of  observations.     During  the  last  twenty  years  research 
also  been  directed  to  Mammals, — in  the  investigation  of  which  the 
greatest  difficulties  have  to  be  surmounted,— us  well  as  to  llrj  t 
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Amphibia.  ,  etc,    only  throuirh  tl btH  -li  various 

object*  has  insight   bern  acquired  into  many  processes,  which  in  tln-ir 

Q06    remained    unintelligible   to   n*   from    I  h«-  st  inly   of    th<-    i 
alone.       1-or   it    was   thus    tliat    on.-    tir-t     learned    to  diMingiiUli    the 
important    from    tin-   fc  .  nd    unimportant,   and  to  iind.-i    | 

tin-  laws  of  development   in  their  generalitv. 

In  this  text  Look,  therefor.-.  I  shall  n..t  confine  myself  bo  •  single 
object,  surh  as  the  egg  of  tin-  Hen  or  tin-  Hal. hit,  Inif  from  more 
LTt'nrral  foinpai-ative  standpoints  shall  riidra  vuiir  to  pn-MMit  P 
through  rxtiMi.-sivi-  >«-rii-s  of  in\  «--t  iirat  ions,  \vc  ha\.>  t  hus  far  recognised 
as  tiif  rule  in  n  irard  to  the  real  natiu'c  of  the  processes  of  f»'i-tili>:i- 
tion  and  clcaxaut'.  tin-  formation  of  the  germ  layers,  etc. 

However,  let  no  one  expect  a  text-book  of  comparative  Kmbryo- 
loirv.  The  purpose  and  theprohlem  is  lirst  of  all  to  learn  to  com- 
prehend thi'  development  and  the  structure  of  the  human  l>ody. 
\\hatwe  know  about  that  has  been  placed  before  everything  else, 
and  the  einhryoloiry  of  the  remaining  Vertebrates  has  been  c; 

\\ere.   fully  utilised,  only  in  so  far  as  was  necv 
purpo>e  indicated. 

In  the  division  of  the  embryological  material  proposed  by  us,  ac- 
cording to  the  separate  >\>h«nis  <if  ortrans,  thero  is  n  long  Series  ol 
processes,  with  which  tin1   development    begms,  wlnoil   do   not.  permit 
of  an   arrangement,  because   at   the    beginning    the:    fundaments   of 
definite,  afterwards  dillerentiated  organs,  are  not  recognisahle  it 
ir«'rm.     Before  there  is  any  formation  of  organs  the  eiru'  is  di 
into  numerous  cells,  and  these  then  arrange  themselves  into  a  few 
larger    complexes,    which    have   been   calle  1   the  germ-layers,  or  the 
primitive  organs  of    the   embryo.     Further,    in    the    higher    Verte- 
brates there  are  formed  certain  orirms  which  are  useful  only  d'. 
embryonic  life,  and  are  subsequently  lost— namely,  the  foetal  mem- 
hranes  and   tn-tal   appendages.      All   of  the   processes  of   th 
\s.'  >liall    mat   of  connectedly,  and   by  them>elves.      In    aec..:-dance 
with  this,  we  can  divide  our  theme  into  two  main  section^. 
of  which  will  deal  with  the  initial  p:  ;'  development  and  the 

emhrvonic   membrane-,    the   »  cond   \\illi    ;)ie   oiiirin   of    the  separate 

ma  of  organs,     In  order  to  facilitate  for  the  advanced  a  more 

thorough  study,  and  a  penetration  into  embryologum!  literal  ure,  a 
survey  of  the  more  important  original  works  is  given  at  the  close  of 
the  separate  chapters.  On  the  other  hand,  b  t  of  Kml 

logy  may  be  mentioned  in  this  place.  [Compare  al>o  the  larger 
monographic  works  cited  at  the  end  of  the  book.] 
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CHAPTER   I. 

or  nn:  8MXUAL  rnoni  < 
-CELL   ANI>    SI:MI.\-(  i  i  i .. 

IN  most  animals,    and    without    except  ion    in    ail    V«  i  thf 

development  of   a  \u-\\  heinir  t"m  take    plan-  (.nly    wh- n  reprodu. 

elements,  product  d    liy   two  sexually   dill'  n  lit    indi\  iduals, — the  egg 
liy  tin-  female,  and  tin-  seminal  corpu>cle  or  seminal   lil.-iiin  nt   1>\ 
male. — arc  at    t IM-  proper  1  imc   l»rouirlit    into    uni'.n    aNtln-    n  >ult  of 
tin-  procivMtivf  act. 

Tin  >'</;/  <ui<ltlt>>  fifim'iHil  Jt/tnin/if  <ir>'  sinifil'  </>,/<•  nt<ir>i  /«'/•/>•  /,/•  ' 
which  an-  |ii-oiliu'nl  in  special  glandular  ori,r:nis.  tin-  egg-Oellf  in  th«- 
OVary  of  the  }'. male,  and  the  scm.  n-cdls  in  tin-  testis  of  tli«-  male. 
After  the  l»e^i,ini]|U  ,,f  sexual  maturity  at  delinite  (>eri(,d<,  th.y 
detach  theinsel\-«  s  \vit  liin  t  In-  sexual  .'Tirans  from  their  union  with 
the  n  mainiiiLT  cells  of  the  body,  and  form,  under  Miitahle  condi' 

of  development, among  which  the  union  of  the  two  sexual  oeJ 

the  most  imjtoi  tant,  the  starting  point   fora  new   OTganiBOL 

l-'irst    of   all,    thei'fore.    \\e    have   to   acquaint    ourselves    with    tin 
pt  culiarii  i<  >  of  the  t  wo  kinds  of  sexual  pndu< 

1.  The  Egg  cell. 

The  et:i:  is  l>y  far  the  lario  st  c-ell  of  the   animal  l«nly.      At  a  t 
when  nothing  was  known  of  its  cell  nature,  i  mponents 

given  special  names,  whieb  remain  in  D 

time.      Theconteiitx  were  Call)  d  1  nucl.  us 

was  call*  d  VttlCula  <j>  rmiit'i  rminative  v«  >icle.  «l  by 

the  phy.-siolo.ri>!   Pi  KKIN.II:  ;  thi-nucleai    corpuscles,  or  nm leoli.  wore 
calh  d   irerminative   sp. 

linally,   the  ct  ll-m«  niln  aiie   \.;.s  i-alli  il  t  In-  yolk  niemhraiie.  «,r   /,,.,,,- 
Itrima  citt'llinti.     All  ti  y  in  no!  nnimpoi  taut  ways  from 
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the  ordinary  condition  of  the  protoplasm  and  nucleus  of  most  animal 
cells. 

The  vitellns  (figs.  1  and  3  n.d)  rarely  appears  homogeneous,  mucila- 
ginous, and  translucent,  like  the  protoplasm  of  most  cells;  it  is 
ordinarily  opaque  and  coarsely  granular.  This  results  from  the 
fact  that  the  egg-cell,  during  its  development  in  the  ovary,  stores 
up  in  itself  nutritive  materials,  or  reserve  stuffs.  These  consist  of 
fat,  of  albuminous  substances,  and  of  mixtures  of  the  two,  and 
are  described,  according  to  their  form,  as  larger  and  smaller  yolk- 
spherules,  yolk-plates,  etc.  Later,  when  the  process  of  development 
is  in  progress,  they  are  gradually  used  up  in  the  growth  and  for 
the  increase  of  the  embryonic  cells.  The  fundamental  substance 

of  the  egg,  in  which  the  reserve  stuffs 
just  now  referred  to  are  imbedded,  is 
protoplasm,  physiologically  the  most  in- 
teresting and  important  of  substances, 
because  in  it  take  place,  as  we  infer 
from  many  phenomena,  the  essential 
life-processes. 

We  must  therefore  distinguish  in 
the  yolk,  in  accordance  with  the  sug- 
gestion of  VAN  BENEDEN,  (1)  the  egg- 
protoplasm,  and  (2)  the  yolk-substance, 
or  deutoplasm,  which  is  of  a  chemi- 
cally different  nature,  and  is  stored 
up  in  the  former. 

When  the  deposition  of  reserve  materials  takes  place  to  a  great 
degree,  the  really  essential  substance,  the  egg-protoplasm,  may 
become  almost  entirely  obscured  by  it  (figs.  3,  4).  The  protoplasm 
then  fills  up  the  small  interstices  between  the  closely  packed  yolk- 
globules,  yolk-cakes,  or  lamellae,  as  mortar  does  those  between  tin- 
stones in  masonry,  and  appears  in  sections  only  as  a  delicate  net- 
work, in  the  smaller  and  larger  meshes  of  which  lie  the  yolk-elements. 
Only  at  the  surface  of  the  egg  is  the  egg-plasm  constantly  present 
as  a  thicker  or  thinner  continuous  cortical  layer. 

The  germinative  vesicle  usually  occupies  the  middle  of  the  egg. 
It  is  the  largest  nuclear  structure  in  the  animal  body,  and  its 
diameter  generally  increases  with  the  size  of  the  egg. 

The  germinative  vesicle  (figs.  1,  2)  is  separated  from  the  yolk  by 
a  firm  membrane,  which  may  often  be  distinctly  demonstrated,  and 
which  surrounds  various  included  components  :  nuclear  liquid  (Kern- 


Fig.  1.— Immature  egg  from  the  ovary 
of  an  Echinoderm.  The  large  ger- 
minative vesicle  shows  a  germinative 
dot,  or  nucleolus,  in  a  network  of 
filaments,  the  nuclear  network. 


\i.    ri:<.i,r(T8. 


\work,  .-iml   nucl-eoli.     Til--  nuclear  liquid  is  more 

fluid  than  the  yolk,  in  tin-  fresh  condit  ion  usually  a>   el--ar  U  v. 

ami    \shen    coainilat  .  '1    by    tli" 

a    little    or    no    colonii','    matter.        It     i 

*i/"  •/  'amenta  (/,•//».  \\hich  attach  themselves  to   th--  n 

membrane.       In    this    mtuork    an-   enclos-  d    //  //<•/,  -,,//..  ,p  germinative 
Spots  (/•;/').  small,  t'oi    tin-  ni"M    part   spherical.  lion 
struct  uns.  which  consist  of  a  substanc"  akin  to  j,t, 
suhstancc  or  nuelein.      .V/"-/<  ///  is  di.-t  in.irnishahlf  t'n.m  :  -in  — 

in    addition   to  tvrtaiu    othn-  i-hi-inical    i  csprciallv    l»\ 

fact  that  it  absorbs  with  irroat 
avidity  pi^nn  uts  >nch  Bl  car- 
mine. ha-matoxylin,  anilim-. 
i»n  account  of  which  it  ha> 
also  reccivi  il  from  FI.I:MMIN<;  £ 
the  name  chroma  tin. 

The  niniili'i'  <>/  the  nucleoli  £ 
in  the  ifrrminative  vesicles  of 
different  animals  is  highly 
'.nriahh-.  but  it  is  toll  rahly 
constant  for  each  spicies; 
sometimes  there  is  only  a 

,  i      |  Fie.  2.     Oenninative  vesicle  of  a  Fror's  err  that 

Bingle       Qocleolufi       present        •  itill  gmall  Md  immature.    It\ll.,* 

(tii:.    1;,   sometiims   there   are          "" 

.         (*•/").  in   :i  tiiK-   iiuck-:ir  network  (ivu. 

Pftl  OT  even  very  many    of      clear  i.u-i.,i. 


them  (fig.  2^/).     Accordin-ly 

one  may   with  AUERBACH    distinguish    nninucleolar,  plurinuch'olar. 

and  mnitinncleolar  germinative  venoles. 

At  their  surfaces  eggs  are  surrounded  hy  protective  envelopes,  the 
number  and  condition  of  which  are  exceedingly  variable  throu«:liout 
the  animal  kingdom  as  well  as  ainonir  \  It  is  best  to 

<li\ide  them,  as  LUDWIG   has  don..  ig  to   their   method  of 

origin,   into  two  groups,  into  tin-  /'/-//////ry  .-.  nd  the  secondary  egy- 

f>ranes.      rrimary   e«:,i:-memhran.  >   are   su«-h   as  have   been 
duced  either  by  the  egg  ii>  If  or  by  the  follicular  e.  11>  wn  hin  t  he  . 
and  the  »ig»-follide.     Those  produced  by  the  yolk  of  the  r^  are 
calh-d  vitt'Hine  membrane]  those  formed  by  the  follicular  epithelium. 
cliorion.     All  which   take   their  origin    out>ide   of    tin  ;\&  a 

result  of  secretions  on  the  part  of   the  wall  of  the  o\iduct.  are   to  be 
•designated  as  secondary  egg  inembi., 

In  their  details  the   eggs  of   the  various  sp<  .nimals  ditler 
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from  each  other  in  a  high  degree,  so  that  they  must  really  be  con- 
sidered as  the  most  characteristic  for  the  species  of  all  the  kinds 
of  animal  cells.  Their  size,  which  is  due  to  a  greater  or  less  ac- 
cumulation of  deutoplasm,  varies  so  extensively  that  in  some  species 
the  egg-cells  can  be  only  barely  recognised  as  minute  dots,  whereas 
in  others  they  attain  the  considerable  dimensions  of  a  Hen's  egg,  or 
even  of  an  Ostrich's  egg.  The  form  is  usually  globular,  more  rarely 
oval  or  cylindrical.  Other  variations  arise  from  the  method  in 
which  protoplasm  and  deutoplasm  are  constituted  and  distributed 
within  the  limits  of  the  egg  ;  there  are  in  addition  the  differences  of 
the  finer  structure  of  the  germinative  vesicle  and  the  great  variability 
of  the  egg-membranes. 

Some  of  these  conditions  are  of  great  significance  from  their  in- 
fluence on  the  manner  of  subsequent  development.  They  have  been 
employed  as  a  basis  for  a  classification  of  the  various  kinds  of  eggs. 

It  is  most  expedient  to  divide  eggs  into  two  chief  groups, — into 
simple  and  into  compound  eggs, — the  first  of  which  is  divisible  into 
several  sub-groups. 

A.  Simple  Eggs. 

Simple  eggs  are  such  as  are  developed  in  an  ovary  out  of  a  single 
germinal  cell.  The  eggs  of  all  the  Vertebrates  and  most  of  the 
Invertebrates  belong  to  this  group. 

In  this  chief  group  there  occur,  according  to  the  manner  in  which 
protoplasm  and  deutoplasm  are  distributed  within  the  egg,  three 
modifications,  which  are  of  very  great  importance  in  the  determination 
of  the  first  processes  of  development. 

In  the  simplest  case  the  deutoplasm,  which  ordinarily  is  pres- 
only  to  a  limited  amount  in  the  correspondingly  small  egg,  is  more 
or  less  uniformly  distributed  in  the  protoplasm  (fig.  1).  In  other 
cases  there  has  arisen  out  of  this  original  condition,  in  conjunction 
with  an  increase  in  the  bulk  of  the  yolk-material,  an  inequality  in 
the  distribution  of  the  two  egg-substances  previously  distinguished. 
The  egg -plasma  has  accumulated  in  greater  abundance  at  certain 
regions  of  the  egg -territory,  and  the  deutoplasma  at  other  regions. 
Consequently,  a  contrast  has  arisen  between  portions  of  the  egg-n-11 
which  are  richer,  and  those  which  are  poorer,  in  protoplasm.  A 
further  accentuation  of  this  contrast  exercises  an  extraordinarily 
lirnad  and  profound  influence  on  the  first  processes  of  developmt  nt, 
which  take  place  in  the  egg  after  fertilisation.  That  is  to  say, 
the  changes,  which  further  on  are  embraced  under  the  process  of 
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cleavage,  m:.k«-  tlnir  appearance  only  at    the  region   ol 

which   is  rich,  r  in  |n>i.>pla~m,  wheitai  the  region   i  more 

voluminous    :,nd    richer    in    d«  utoplasin    remains    appan  t.! 

unalttnd,   and    U    DOi    divided    np    into    nils.        Uy    tl. 

contn.M.    \\hich     \  nt     in     tin-  '.<!    egg, 

mis   durini:  •!•  M  Nipim  nt    disproport  ionately    | 
ohviors.      Tin-  on*  part   und  di\id-  d   into  . 

out  of   tlie.se  products  the  individual  .  '  he  ot  In  r  par 

more    or    1<  s-    undtend,    and    is    gradually   empl' 
material.       Kollowini:    the   example   of     l;i:n  IM:I:T.    the    part    «>' 
yolk   which   is   richer   in  pi  otopl.-.sm,  and   to   which   the  d  •v.-lopmeii- 
tal    pioc.  BBl  s    remain 
has   h 

yolk,    and    the 
yolk. 

The    unequal    distrihutioii    of 

•folk  (viteUtu   ''<>/•///"- 
-•)     and     of     itntritii-r     ;/olk 
•HHfi'ffii'iix)    within    the 
\S  accomplished  in   t  \\o  dif- 
ferent  W3JB. 

In    the   '  tii:.    3)    the 

formative  yolk  is  accumulated 
at  one  pole  of  the  Bgg  BD  a  //a/ 
tjt'rin -1/ixr  (/.'.. vr/r ).  Inasmuch  as 
its  specific  irravitv  i-  lcs>  than 
that  of  the  nutritive  yolk  (n.d) 
collected  at  the  opposite  pole,  it 
is  always  directed  upward,  and 

it  spreads  itself  out  on  the  yolk  just  like  a  drop  of  oil  on  water.      In 
this  case,  therefore,  the   ei:::   has   under-one   a   pol 
when  at  rest  it    must    always  assume  a  definite   poatian,  OW1I 
unequal    wei-ht    of    the    two    pol- 

g*Med:    tl,,-   <>/>/»  r.   ///////»•/•  ^>l>\  */•////    //  -'  animal 

(A./'):  f/<>   under,  heavier  and  rtfllar  in  //•»/ 

(!'./').       The    polar   ditlen-ntiatioii    «-f   e--s    i  Mcountcivd    in 

Vertelu-ates.    and    i-    e-pecially    prominent    in    the  classes    of    Bony 
Fishes.   Reptiles,  and   Uirds. 

In  the  Moond  OM   (ti-.  4)  '  ntlated 

•  ///..-  trlt,,l.'  surl'ttce  »/  tin-  '.'/:/.  and  surrounds  ti  .lly  placed 

nutritive  yolk    (/<•/)    Ofl   a    uniformly    thick,   tinely  -rranular  cortical 


Fiy.  3. -Diagram  of  an  egg  with  the  nutritive 
yolk   in   a    polar    position.       I 

\<ilk   <-i'H>titut<-s  at    tin-   animal   \*<\<- 
germ-disc  (k.tfh),  in  \\ln.-h  ti 

tills  tin-  iv .-t   «-f    the  egg  up 
vegetative  pole  ( I 
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b.d 
n.d 


fig.  4.— Diagram  of  an  egg  with  the  nutri- 
tive yolk  in  the  centre.  The  germinative 
vesicle  (fc.ft)  occupies  the  middle  of  the 
nutritive  yolk  (n.d),  which  is  enveloped 
in  a  mantle  of  formative  yolk  (b.d). 


layer.  The  egg  exhibits  central  differentiation,  and  therefore  does 
not  assume  a  constant  position  when  at  rest.  As  in  the  former  case 
the  yolk  was  polar  in  position,  so  here  it  is  central.  Such  a  condition 

is  never  encountered  in  Verte- 
brates, but  it  is  characteristic  of 
Arthropods. 

In  order  to  distinguish  the  three 
modifications,  BALFOUR  has  made 
use  of  the  expressions  alecithal, 
telolecithal,  and  centrolecithal.  He 
calls  those  eggs  alecithal  in  which 
the  deutoplasm,  in  small  amount, 
is  uniformly  distributed  through 
the  protoplasm  ;  telolecithal,  those 
in  which  it  is  accumulated  at  the 
vegetative  pole ;  centrolecithal, 
those  in  which  the  accumulation  of 
deutoplasm  has  taken  place  at  the 

centre.  In  what  follows,  we  shall  speak  of  (1)  eggs  with  unifor)/if>/ 
distributed  yolk,  (2)  eggs  with  polar  deutoplasm,  and  (3)  eggs  with 
central  deutoplasm. 

It  is  now  expedient  to  illustrate  what  has  just  been  said  by  typical 
examples,  and  for  this  purpose  the  eggs  of  Mammals,  Amphibia, 
Birds,  and  Arthropods  have  been  selected.  We  shall  also  frequently 
recur  to  these  in  the  presentation  of  the  subsequent  phases  of  develop- 
ment. 

The  egg  of  Mammals  and  of  Man  is  exceedingly  small,  since  it  mea- 
sures on  the  average  only  0*2  mm.  in  diameter.  It  is  for  this  reason 
that  it  was  not  discovered  until  the  present  century — in  1827,  by  CARL 
ERNST  VON  BAER.  Previously  the  much  larger  GRAAFIAN  follicle 
of  the  ovary,  in  which  the  smaller  true  egg  is  enclosed,  hud  been 
erroneously  taken  for  the  latter.  The  Mammalian  egg  (fig.  5)  con- 
sists principally  of  a  finely  granular  protoplasmic  substance,  which 
contains  dark,  fat-like  spherules  and  granules  (deutoplasm),  und 
which  is  turbid  and  opaque  in  proportion  to  the  amount  of  these. 
The  germinative  vesicle  (k.b)  contains  a  large  germinative  dot  (&/), 
located,  together  with  a  few  smaller  accessory  dots,  in  a  nuclear 
network  (k.n).  The  egg-membrane  is  called  zona  peUudda  (z.p), 
because  it  surrounds  the  yolk  as  a  relatively  t  hick  and  clear  layer.  It 
is  a  primary  membrane,  for  it  is  formed  within  the  GRAAFIAN  follicle, 
by  the  follicular  cells.  Under  high  magnification  the  zona  pellucida 
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Fig.  5.-  Egg  from  a  Rabbit's  follicle  which  was  2  mm.  in  diameter,  after  WALDEYER.     It  i* 
surrounded  by  tin-  /.<>n:i  ]H'lliu-id.i  •;./'»,  on  which  there  rest  at  une  pl.t  11«  (/.r). 

The  yolk  OOOtldxiS  <10at0plMmifl  fXUUlte  (4).      I"  the  Kermin.itivi-  v»-Mcl..-  (  v. '/;  t);. 
nrtu.'ik  i  .>  in.ii  kid.  and  »u tains  a  large  germinative  dot  (*.O- 

appear-   radially  striate.  -inc.-  i|  '-.MM!  by  numerous  poro- 

ranals,  into  wliich,  as  IODL'  as  the  egg  remains  in  t  In-  <  IKAAI  IAN  t'cllu-lr. 
\n\  tine  projections  of  the  follicular  cell>  (/'.:)  j't-n.-trato.  These 
tu>f  \sitli  the  egg-plasm,  and  are  probably  concerned  in  the  nutrition 
and  growth  of  the  contents  of  the  egg.  (II FT/ 

The  human  ovum  is  wondrri'idlv  lik<-  tin-  r^  ,.t'  .Mamiuals  in  size, 
in  the  condition  of  its  cont<  nts.  and  tin-  nature  of  its  int-ml'iam  s. 
Howevi  r,  it  always  can  l><-  distUDgniahed  I'y  ii  1.  though 

tritlin^r,  charac-ttri>tics,  as  the  careful    inv.stiirati.  have 

shown.  \Vlu-reas  in  the  llahltit  lu>t  i< n:s.  fat  -like  spin-nil*  s  r«  nd»  r 
the  yolk  cloud v,  the  human  ovum  retains  its  t  ran>!>an  n<-v  during 
all  stages  of  development,  so  tliat  one  ni:  riise  mo*:t 

curately  all  it*  >t  ructural  details.  e\.n  on  the  lixini:  ohj.i-t.  The 
yolk  is  dividt  d  into  t  \\  o  lay.  i >.  The  /',/,,  .  iitain>  pi  inci pally 

deutoplasm,   which  products  in  this  ca>  ,  v  to  most  of  the 

Mammals,  only   a    slight    i-loudin«»  ;    it  ,  ,f   f.-.-l.ly 

lustrous,  in  part  of  highly  r«  fractixe  fn.^mi  nt>,  some  coarser,  some 
liner;  but  it  is  not  possible  to  recognise  tl.e  mutual  boumlaiits  of 
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the  individual  components,  as  is  the  case  in  other  Mammals  and 
lower  animals,  where  one  distinguishes  with  great  ease  granules 
and  distinct  drops.  The  outer  layer  or  peripheral  zone  of  the  yolk  is 
more  finely  granular  and  still  more  transparent  than  the  central 
part,  and  contains  the  germinative  vesicle  with  a  large  germinative 
dot,  in  which  NAGEL  was  able  to  observe  amoeboid  motions.  The 
zona  pellucida  is  remarkably  broad ;  it  is  striate,  and  is  separated 
from  the  yolk  by  a  narrow  (perivitelline)  space.  There  are  two  or 
three  layers  of  follicular  cells  attached  to  the  periphery  of  the  egg 
when  it  is  set  free  from  the  GRAAFIAN  follicle.  The  long  diameters 
of  these  cells  are  arranged  in  a  radial  direction  around  the  egg,  as 
is  general  in  Mammals,  and  it  is  due  to  this  circumstance  that  they 
have  received  the  name  corona  radiata,  introduced  by  BISCHOFF. 
The  human  egg  without  the,  follicular  epithelium  measures,  on  the 
average,  O17  mm.  in  diameter. 

The  eggs  of  many  Worms,  Molluscs,  Echinoderms,  and  Ccelenterates 
agree  with  the  Mammalian  egg  in  their  size,  and  in  the  method  in 
which  protoplasm  and  deutoplasm  are  uniformly  distributed  through 
the  egg. 

The  eggs  of  Amphibia,  which  were  cited  as  the  second  example, 
form  a  transition  from  simple  eggs,  with  uniform  distribution  of 
yolk-material,  to  eggs  with  distinctly  expressed  and  externally 
recognisable  polar  differentiation.  Already  these  have  deposited  in 
themselves  a  large  amount  of  deutoplasm,  and  have  thereby  acquired 
a  very  considerable  size.  The  Frog's  egg,  for  example,  is  stuffed 
full  of  closely  compacted,  fatty -looking  yolk-lumps  (Dotterschollen) 
and  yolk-plates.  The  egg  protoplasm  is  in  part  distributed  as  a 
network  between  the  little  yolk-plates ;  in  part  it  forms  a  thin 
cortical  layer  at  the  surface  of  the  egg.  Upon  closer  examination 
however,  the  beginning  of  a  polar  differentiation  is  most  distinctly 
recognisable  even  here.  It  manifests  itself  in  this  way :  at  one 
pole,  which  at  the  same  time  appears  black  on  account  of  a  deposit 
of  superficial  pigment,  the  yolk-plates  are  smaller  and  enveloped  in 
more  abundant  egg-plasm  ;  and  also,  nrobably  as  a  consequence  of 
this,  slight  differences  in  specific  gravity  are  distinguishable  between 
the  pigmented  and  the  unpigmented,  or  the  animal  and  the  vegetative, 
halves  of  the  egg. 

The  germinative  vesicle  (fig.  2)  lies  in  the  middle  of  the  immature 
egg,  is  exceedingly  large,  even  visible  to  the  naked  eye,  and  multi- 
nucleolar,  inasmuch  as  there  are  a  hundred  or  more  large  germinative 
dots  (//)  distributed  immediately  under  the  nuclear  membrane. 
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The  envelope^  exhibit.  in  .•  ,  \\ith  tin-  Mammalian  egg,  an 

increase  in    number,    t'«i!'   to   the   /"hi    p-Mucid: 

i,    produced  in  tin-  follicle.  there   i>  >ul>..e.|u«.nt  ly  added  .still   an. 

econdary  rn\,-l..pc.  ThU  is  a  thick,  rood,  L'elatmi.iiH  layer, 
whidi  is  secreted  by  tin-  wall  of  the  oviduct.  and  wli;ch  become^ 
swollen  in  water. 

The  jM.lar  dillerenti.-.iion.   taken,   M  it.  were,  in  th--    \«-ry  process 
of  developing  in  the  case  of  the  Amphihia.  is  f«>un<;  x  pressed 

in  our  tliir.l  cxainplr.  the  /;//••/  '.v 

In  ordor  to  form  a  correct  picture  of  the  c 
in   the  case  of  the  Hen,  or  of  any  t.i> 

other  hirtl.  wo  must  seek  it  while 
still  in  the  ovary,  at  the  moment 
\\lien  it  has  finished  its  growth, 
and  is  ready  to  be  set  free  from  the 
follicle.  It  is  then  ascertained  that 
only  the  >pheruidal  yolk,  the  so- 
called  yellow  of  the  egg,  which  in 
it.M-lf  is  an  enormously  large  cell 
,  Big.  6a),  is  ,l,veloped  in  the  botryoi.U! 

ovary.       It  is  enclosed   in    a   thill    but 

tobn%      lirm     pellicle    (,/./,).     the 

vitelline  membrane,  the  rupture  of 

which  is  followed  by  an  extrusion  of  the  soft  pulpy  contents.     By 

careful  examination  one  will  discover  upon  the  latter  a  small  \\ 

.  ihe  i:eniiinative  disc  (k.sch),  or  discus  proliyerus,  also  calle.; 

catricula.      It  has  a  diameter  of  about  3  or  4  mm.,  and  consists 
of  formative  yolk,  —  a  finely  granular  protopla>m  with   small  3 
spherules,  —  which  alone  is  involved  in  the  process  of  cleavage.      In 
•he  tlattened  Lrfi  minative  disc  is  also  found  the  gerniinative  \< 
iig.  '">u  (/.-./>)  and  lig.  6b  (x),  which  is  likewise  somewhat  tlattened  and 
lenticular. 

The  remaining  chief   mass  of   the   eg.u'-i'ell  is  nutritive  yolk,  which 
is  c.miposrd  <»f   numherle-s  yolk->pherules   united   by  >liu'ht  trad 

plasm,  as  though  by  a  cement,      information  . 

struct  UTV  is  to  bo  gained  from   thin  '-ned 

which   should  he  cut    perpendicularly  to  the  .irerminative  disc. 
According  to  differences  in  staining.  ementary  composit 

there  are  now  to  bo  distinguish.  ite  and  the  yellow  nutritive 

yolk  (fig.  Ca). 

The  white  yolk  («'.'-!)  is  present  in  the  egg  cell   only   in   a  small 


tive  disc;    i-.6,  genuinativ*    vewcle; 
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quantity ;  it  forms  a  thin  layer  over  the  whole  surface,  the  white 
yolk-rind ;  secondly,  it  is  accumulated  in  somewhat  greater  quantity 
under  the  germinative  vesicle,  for  which  it  at  the  same  time  forms  a 
bed  or  cushion  (PANDER'S  nucleus) ;  and,  thirdly,  from  this  region  it 


Fig.  6b.  -  Section  of  the  germ-disc  of  a  mature  ovarian  Hen's  egg  still  enclosed  in  the  capsule, 
after  BALFOCR. 

a,  Connective-tissue  capsule  of  the  egg  ;  b,  epithelium  of  the  capsule,  on  the  inside  of  which  lies 
the  vitelline  membrane  reposing  upon  the  egg;  c,  granular  substance  of  the  germinative 
disc  ;  w.y,  white  yolk,  which  passes  imperceptibly  into  the  finely  granular  substance  of  the 
disc ;  x,  germinative  vesicle  enclosed  in  a  distinct  membrane,  but  shrivelled  up ;  y,  space 
originally  occupied  by  the^erminative  vesicle,  but  made  empty  by  its  shrivelling  up. 

penetrates  in  the  form  of  a  mortar-pestle  into  the  very  centre  of  the 
yellow  yolk,  where  it  terminates  in  a  knob-like  swelling  (latebra, 
PURKINJE).  Upon  boiling  the  egg,  it  is  less  coagulated,  and  remains 
softer  than  the  yellow  yolk.  In  the  coagulated  condition  the  latter 
discloses  upon  sections  a  lamellated  condition,  in  that  it  consists  of 
smaller  and  larger  spherical  shells,  which  envelope  the  latebra. 

The  two  kinds  of  yolk  also  differ  from  each  other  in  respect  to 
the  condition  of  their  elementary  particles.  The  yellow  yolk 
consists  of  soft  plastic  spherules  (fig.  7  A)  from  25  to  100  /x  in 
diameter,  which  acquire  a  punctate  appearance  from  the  presence 
of  numerous  exceedingly  minute  granules.  The  elements  of  the 
white  yolk  are  for  the  most  part  smaller  (fig.  7  B),  and  likewise 
spherical,  but  contain  one  or  several  large  highly  refractive  granules. 


Fig.  7.— Yolk-elements  from  the  Fowl's  egg,  after  BAI.FOUR.    A,  Yellow  yolk ;  B,  white  yolk. 

At  the  boundary  between  the  two  kinds  of  yolk  there  are  present 
spherules  which  effect  a  transition  between  them. 

The  freshly  laid  Hen's  egg  (fig.  8)  has  a  different  appcnranci- 

from  that  of  such  an  ovarian  egg.     This  results  from  the  fact  that 

re  is  deposited  around  the  vuik,    when  it  detaches  itself  from, 
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the  ovary  ami  is  t.-ikt-n  up  by  tin-  ovi-lnct,  several  secondary  en- 
velopes derive  d  from  tin-  wall  of  tin-  «.\i.luci,  vi/..   tin-  whit.-  .,: 

t»   \  he    albmiii-n.    i  |n>  shell  mriuhran.-,  and  1 1n-  calcar-  «>u>  sh«-ll. 

:i  of  these  parts  is  form,  d  in  a  >p.vi:.l  region  OJ  s  oviduct 

Tin-    latter    is   divid.  d    into   four    regions:     (1)    A    narrow    ciliated 
initial  part,  into  which  tin-  liberated  egg  is  received,  and  where  it 

niliMil  by   the  spermatozoa  air.  ady  accumulated  tin-re;  (2)  a 


eA.t. 


Fig.  8. —Diagrammatic  longitudinal  section  of  an  uninoubated  Hen'i  egg,  afu-r 
..-wliat  .-ilt.-retl.) 

b.l.  Germ-disc  ;  w.y.  white  yolk,  which  consists  of  a  < '-nti.il  tla.xk-shaped  niana  and  a  nun. 

concentric  layers  surK-uiuliii^  tin-  yellow  jolk  (y.y.) ',  <  •.£.  \  it«-llin>  m.-mbrane  ;  z.  a  somewhat 
fluid  albuminous  layer,  which   imiurdiatrly  m\fl<  ;  .  ;   rr.  albumen  competed  of 

.ilt<Tiiating  layers  of  more  and  less  fluid  portions  ;  ch.l.  chalazie  ;  a.ch.  air  chamber  at  the 
blunt  end  of  the  egg— simply  a  space  between  the  two  layers  of  the  shell-mem brai; 
inner,  s.m.  outer  layer  of  the  shell-membrane  ;  s.  shell. 

iilandular  region,  cover*  d  vith  longitudinal  t'urr«'\\-,  t'mm  which 
tin-  alluiineii  is  sirn-t*  d  and  spread  around  the  yolk  in  a  thick  lay.  r  ; 
(3)  a  somewhat  rnlar^td  part,  cover,  d  witii  small  villi.  the  c.-lls 
ot  whii-h  secrete  calcareous  salts,  and  thus  cause  the  formation  of 
the  shell;  (4)  si  short  narrow,  r  n-irioii,  through  whii'h  the  egg 

.  pidly.   and  without    undi  r^«>in^   any   t'urth.  r  change.  II 
heinur  deposited. 

Tlie   envelopes   t'liniislml  in    succe»ion  hy   the    o\iduct    have   the 
following  coinpoj-ition : — 

The  white  of  the  egg,  or  albumen  (w),  is  a   mixture  of  several 
mat. -rials  :  according  to  chemical  an;.  !  •_'     albumen, 
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1-5%  fat  and  other  extractive  materials,  0*5%  salts  (potassic  chloride, 
sodic  chloride,  sulphates,  and  phosphates),  and  86%  water.  It 
surrounds  the  yolk  in  several  layers  of  varying  consistency.  There 
is  a  layer  quite  closely  investing  the  latter,  which  is  firmer  and 
especially  noteworthy  because  it  is  prolonged  into  two  peculiar 
spirally  twisted  cords,  the  dialazce  (ch.l),  which  consist  of  a  very 
compact  albuminous  substance,  and  which  make  their  way  through 
the  albumen  to  the  blunt  and  to  the  pointed  poles  of  the  egg 

The  albumen  is  enclosed  by  the  thin  but  firm  shell-membrane  (s.m) 
(membrana  testae),  which  is  composed  of  felted  fibres.  It  may  be 
separated  into  two  lamellae — an  outer,  which  is  thicker  and  firmer, 
and  an  inner,  which  is  thinner  and  smooth.  Soon  after  the  egg  is 
laid  the  two  layers  separate  from  each  other  at  the  blunt  pole,  and 
enclose  between  them  a  space  filled  with  air  (a.c/i), — the  so-called 
air-chamber,  which  continues  to  increase  in  size  during  incubation, 
and  is  of  importance  for  the  respiration  of  the  developing  Chick. 

Finally,  the  shell,  or  testa  (*),  is  in  close  contact  with  the  shell- 
membrane;  it  consists  of  an  organic  matrix  (2%),  in  which  98%  cal- 
careous salts  are  deposited.  It  is  porous,  being  traversed  by  small 
canals,  through  which  the  atmospheric  air  may  gain  entrance  to  the 
egg.  The  porosity  of  the  calcareous  shell  is  an  absolute  necessity  for 
the  normal  development  of  the  egg,  since  the  vital  processes  in  the 
protoplasm  can  take  place  only  when  there  is  a  constant  supply  of 
oxygen.  If  the  porosity  of  the  shell  be  destroyed,  either  by  soaking 
it  in  oil  or  rlcsin«r  its  pores  with  varnish,  the  death  of  the  incubated 
egg  ensues  in  a  very  short  time. 

B.  Compound  Eggs. 

Compound   eggs   are   found   only   in  a   few  subdivisions  of  the 

inv. -it.  i.citi  .1  animals,  as  in  the  Cestodes,  Trematodes,  etc.;  tli<  y 

noteworthy  in   this   respect,   that   they  are   produced   by  the 

numerous  cells,  which  are  formed  in  two  different  glands 

he  sexual  apparatus  of  the  female,  — in  the  germnrium  and  in 

the  vitellarium.     In  tin   </>>rmarium  is  dcv*  1<>|>«  <1  the  egg-cell  in  the 

rettricUd  tente.     This   is   always  very   small,   and  c<  most 

•  ly  of  egg-plnsm.     When  this  cell  at  its  m:,tnrity  is  set 
from  its  surroundings  and  comes  into  the  sexuM  <mtl«  ts,  it  is  obliged 
to  pass  tin    OJM  ning  of  the  vitellarium;  here  tl  UHOCtftted 

uith  it  a  urn  -Ik-cells,  which,  owing  to  deposition  of  reserve 

matt  rial   in   the  protoplasm,  appear  turbid  and  coarsely  granular, 
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and    which    constitute    tin-    down-    thai     i>    L'iv.-n    by    the    mat- 

ni.Mn  ti»  tin-  developing  germ  on  Thereupon  tin-  whole 

•  I    in    one  or  sever:  il   M  coiidary   egg-membranes,   :nnl    now 

nut.  s  the  compound  egg,  in  which,  bowever,  thr  developmental 
pr.  >ce>s«  s  niMiiifist  themselvt  s  exchiMVely  on  the  simple  germ   cell  ; 
it  is  that  alone  which  is  J'«  rtilisecl  and  segments,  while   tin-  yolk  <••  IK 
gradually  degenerate  and  are  employed  as  nutritive  matt-rial.     'I 
in  this  ease  also,  upon  closer  examination,   tin-  general  la\v,  that  the 

ndent  organism  tab  s  its  origin  from  a  single  cell  of  the  maternal 
1  ody.  Mill,  is  no  exception. 

2.  The  Seminal  Filaments. 

Tn  contrast  with  eggs,  which  are  the  largest  cells  of  the  animal 
body.    the   sperm-cells   or   sperm-filaments   (spermatozoa)     are   the 
smallest  elementary  parts;  they  are  accumulated  in  great  multitudes 
in  the  seminal  fluid  of  the  male,  but  can  be  recog- 
nised in  it  only  by  the  aid  of  high  magnification, 


~  * 


being,  for  the  most  part,  slender  motile  filament.-. 
Inasmuch  as  every  cell  consists  of  at  least  two 
namely,  nucleus  and  protoplasm,  we  must 
look  for  the>e  parts  in  this  case  also.  We  shall 
take  for  description  the  spermatozoa  of  Man. 

In  Man  the  seminal  filaments  (fig.  9)  are  about 
<Hir>  mm.  long.  One  may  distinguish  as  head  (k) 
a  short  but  thick  region,  which  marks  the  anterior 
end,  as  tail  a  long  thread-like  appendage  (s),  and  F 

matozoa    of    Man, 
betwtell  the  two  a  SO-Called  middle  piece  (m).  teen    in    two    dif- 


The    head    (  /,  )    has   the    form   of    an   oval    plate,  ff     Position8- 

consists  of  a 

which     is     slightly     excavated     «>n     both     Mirt  head   (A-),  a   mid- 

and  is  somewhat  thinner  toward  the  anterior  end.          Sujjj*  'ni)l  and 
Seen  from  the  side  (/?)  it  presents  a  certain  re- 

semblance to  a  flattened   pear.      Chemically  eon>idered,  it  consists  of 

nuclear  sul»Maiuv  (nuclein  01-  chroinalin).  as  microchemical  reac' 
>how.  To  the  head  i*  unittd.  l>v  u,ean>  of  a  >ln>rt  part  callr., 
middle  piece  (in),  the  long  thread-like  appendage  (s),  which  is  com- 

,1  of   proti^>la>m,  mid  i>   hot    compared   to  a   ilagellum,  bee: 
like  the  lntte-r.it    executes   peculiar  .-erpentine  motions  in   virtue  of 
its   contractile    properties.       j'.y   im>an>   of    th«-e    moti.  n-    the   sper- 
inato/.oJin    move.-    forwards    in    the   >eininal    tluid    with    e«  n-iderable 
velocity. 
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The  spermatozoa  have  often  been  designated— and  it  seems 
to  us  with  entire  justice— as  ciliate,  or  still  better  as  flagellate, 

The  spermatozoa  of  the  remaining  Vertebrates  have  a  similar 
structure  to  that  of  Man;  on  the  whole,  the  diversity  of  form  which 
is  encountered  in  the  comparative  study  of  the  egg-cell  in  the  animal 
kingdom  is  wanting  here. 

That  spermatozoa  are  in  reality  metamorphosed  cells  cannot  be 
more  clearly  demonstrated  than  by  their  development.  According 
to  the  extended  observations  of  LA  VALETTE  and  others,  each 
spermatozoon  is  formed  from  a  single  seminal  cell  or  speimatid,  and, 
to  be  more  precise,  the  head  W  formed  from  the  nucleus,  the  contractile 

,'f  /rom  the  protoplcwn,. 

be  metamorphoses  which  take  place  in  the  development  have 
been  investigated  with  the  greatest  detail  by  FLEMMING  and 
Hi  KM  ANN  in  the  case  of  Salamandra  maculata,  the  spermatozoa  of 
which  are  characterised  by  their  very  great  size.  The  individual 
.-[>•  rmatozob'n  here  consists  of:  (1)  a  very  long  head,  which  has  the 
form  of  a  finely  pointed  skewer,  and  takes  up  stains  with  avidity ; 
(2)  a  short  cylindrical  middle  piece,  which  differs  from  the  first  part 
in  ch<  mical  properties  also;  (3)  the  motile  caudal  filament,  which  in 
^  ilainander  exhibits  the  additional  peculiarity  that  it  is  provided 
•Aith  a  contractile  undulating  membrane.  Of  these  three  regions 
the  sk«-wcr  like  head,  and  probably  also  the  middle  piece,  arise  from 
the  nucleus  of  the  spermatid,  whereas  the  contractile  filament  is 
differentiated  out  of  the  protoplasm.  In  the  development  of  the 
head  the  nucleus  of  the  seminal  cell  is  seen  to  become  more  and 
aaore  elongated  (fig.  10  A,  B)\  at  first  it  takes  the  form  of  a  pear 
(fig.  10  A  k);  then  it  grows  out  into  an  elongated  cone  (fig.  107?  k), 
the  base  of  which  serves  as  the  point  of  attachment  for  the  middle 
'».  Tin-  cone  becomes  elongated  and  narrowed  into  a  rod 
(fig.  11  A,  li),  which  is  finally  converted  into  the  characteristic  form 
of  a  skewer.  With  this  elongation  of  the  nucleus  the  chromatic 
<>rk  becomes  more  and  more  dense,  and  at  last  assumes  a  quite 
com]>u<t  :ui«l  homogeneous  condition.  MS  in  the  mature  spermatozoon. 
The  fundament  (Anlage)  of  the  middle  piece  (figs.  10,  11,  A,  B,  mst) 
• «  ite  appearance  early — when  the  nucleus  begins  to  elongate — 
at  thut  end  of  the  nucleus  which  was  called  its  base,  in  the  form  of 
a  small  oval  body,  which  at  first  takes  up  stains  like  the  head,  but 
afterwards  loses  this  property.  Its  first  appearance  demands  still 
further  elucidation. 
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Why  an   the   male   .-sexual   rell>  s<>  small   ami    t  hread  like,  and  SO 
diHeivntly  const  ituted  fn>m  the  6 

The  dissimilarity  hetwerii   the  male   and   tin-   female  sexual  o! 
e\plained  1'V  the  fact   that    a  division  of  lah  >r  lias  arisen  It.-: 
two,  inasmuch  as  they  have  ndaple  I  ill  ••iu-eUe~,  Lu  dill-  . 


Fig.  10  A  and  B.     Initial  stages  of  the  metamorphosis 
of   the    seminal    cell    into    the    seminal    filament, 

•  il  ,-,-11  with  |.i  ar-.-li.-ii.f.l  inirl,-us;  /;.  .s,-iiiin;il 
n-11  v.ith  COM  sli.-ipol  nui-leus  ;  -c,  .sniiinal  ct-11  ;  t-, 
nucleus  with  i-hnniKitiii  nrtwoik.  ;u,d  inirk-oli  (n)  ; 
mst,  boil>  out  of  which  tin-  niiikiK-  pin-.-  isdevt-li-i..-.! : 
.stiucture,  which  is  in  o>ntact  with  the 
i>it-i.v.  ;ind  is  cl.iinied  t<>  hav.-  r.-latinn  to  the 
foi-inati..|i  ..f  t!,.-  .-piial  iiu'inhraiie  of  the  tilaiuciit ; 
»',  caiul.il  ai'i'riuh.  :i.il  tilaniciit. 


i- 

mil 


Tig.  11 A  and  B.— Two  terminal 
stages  in  the  metamorphosis 
of  the  seminal  cell  into 
the  seminal  filament,  nft-r 
FI.I  MMI  v;. 

Jc.  Nucleus,  whicli 
i'1'.uuati-.l  to  form  the  head 
of   thf   sp.-imato/.>i..n  ;    m»t, 
it?     iniildK-     im-cf  ;    /,    iu 
;  ,1  tilatiiciit. 


The  female  cell  lias  assumed  the  function  of  supplying  tlu>  sul»t.i 
which  an-  n«'i-r>^iry  for  that  nutrition  and  irrowtli  of  the  cell  proto- 
]>la>m  whii-h  a  rajml  acroinplisliincnt  of  the  process  of  development 
demands.      It  has   thrivfoiv,  while   in   the  ovary,  Mon-d  up   in    itself 
yolk-SUbetance,  reserve   material,    for   the   future;   and   ci)n>«Mju«'iitly 
has   Income   lai'ire   and    incapal^o   of  motion.      But    ina->mnrli    I 
is  iiiressiry   for    the   a<rom{>li-hiiient  of    a  process    of   development 
that    union   with   a    >erond  cell  from  another  individual  should   take 
plare.  and  simv  non-motile  bodies  cannot    unite,  therefore  the  male 
element  has  heen  siiitahly  modilied  to  meet  this  second  requirement. 
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For  the  purpose  of  locomotion  and  in  order  to  make  possible  the 
union  with  the  non-motile  egg-cell,  it  has  become  metamorphosed 
into  a  contractile  filament,  and  has  rid  itself  completely  of  all 
substances,  as,  for  example,  yolk-material,  which  would  interfere 
with  this  principal  requirement.  At  the  same  time  it  has  assumed 
the  form  best  adapted  for  passing  through  the  envelopes  with 
which,  as  a  means  of  protection,  the  egg  is  surrounded,  and  for 
penetrating  the  yolk. 

The  conditions  especially  in  the  vegetable  kingdom  confirm  the 
accuracy  of  this  interpretation.  There  are  plants  of  the  lowest 
form*  in  which  the  two  copulating  sexual  cells  are  entirely  alike, 
both  being  small  and  motile ;  and  there  are  other  related  species  in 
which  a  gradual  differentiation  is  brought  about  by  the  fact  that 
one  of  the  cells  becomes  richer  in  yolk  and  incapable  of  motion, 
while  the  other  becomes  smaller  and  more  active.  From  this  it  is- 
•  \i<lent  that  the  stationary  egg  must  now  be  sought  out  by  the 
migratory  cell. 

A  few  physiological  statements  may  be  in  place  in  this  connection. 

In  comparison  with  other  cells  of  the  animal  body,  and  especially 

in  comparison  with  the  eggs,  the  seminal  filaments  are  characterised 

by  greater  duration  of  life  and  power  of  resistance,  a  fact  which  is 

1 1 ••  -fluently  of  importance  for  the  success  of  fertilisation.    The  mature 

spermatozoa,  after  they   are   set  free   from  their  connection  with 

r  cells,  remain  for  months  in  the  testes  and  vasa  deferent  ia 

without  losing  their  fertilising  power.     They  also  appear  to  remain 

-o  for  a  long  time  after  having  been  introduced  into  the  sexual 

passages  of  the  female,  perhaps  for  several  weeks  in  the  case  of  Man. 

••in--  animals  this  is  demonstrable  to  a  certainty.    For  example,  it 

is  known  that  the  semen  of  Bats  remains  alive  in  the  uterus  of  the 

femnl*'  during  the  whole  winter;  and  in  the  case  of  the  Fowl  it  is 

kn<<\  rtilised  eggs  can  be  laid  up  to  the  eighteenth  day  a: 

the  removal  of  the  Cock. 

In  the  presence  of  external  influences  semen  shows  itself  to  be 
much  more  resistent  than  the  egg-cell,  which  i>  «  i-ily  iniur  <1   or 
kill.il.     For  example,  when  semen  is  frozen  an<l  th.-n  thawed  out, 
motion  of  the  seminal  filaments  comes  back  again.     Many  s: 
*-y  are  employed  not  too  strong,  have  no  del. 

Narcotics  in  strong  concentration,  and  when  employ.  .1  tor  a  long  time, 
make  the  filaments  motionless,  without  immediately  killing  them, 
because  after  removal  of  the  injurious  substance  they  can  be  revi 
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\rery  weak  alkaline  solution*  stimulate  the  motions  of  se 

filament.-*  ;  «»n  the  contrary,  acid-,  even  when  they  an-  very  dilute, 
produce  death.  Accordingly  the  motion  bGOOmefl  more  li\ely  in  ;ill 
animal  lluids  uf  alkaline  reaction.  wfceVMS  in  acid  >olut ions  it  soon 
dies  out. 

HISTORY.     Tlic  discovery  that  egg  and  .-emiiial   lil .inx-nt  are  simple  cells  is 

•-reaching  import  for  tin-  comprehension  «'f  tli  •  whole  pp. 

ment.      In  order  to  appreciate  this  to  its  full  extent,  it   will   he   IP-         .       • 
make  a  digression  into  the  hiMorirai  fit-Id.      Sucli  a  digression  will  I 
with  some  fundamental  transformations,  whic'.i  have  Mflactod  OUT  OOHOeptiOU  Of 
tlie  es-entials  of  developmental  proiv 

In  the  last  ci-ntury,  and  even  in  the  beginning  of  l  II  about  the 

nature  of  the  sexual  products  were  very  indict  inet.       The  nm-t   distiniri; 
anatomists  and  physiologists  were  of  opinion  that  eggs  agreed  in  their  sir  . 
in   every   particular   with   the   grown-up   organism,  and    therefore  that  they 
possessed  from  the  beginning  the  same  organs  in  the  -:\.me  position  and  con- 
nection  as  the  latter,  only  in  an  extraordinarily  diminutive  condition.    Hut  in- 
asmuch as  it  was  not  possible,  with  the  microscopes  of  the  time,  actually  to  see 
and  demonstrate  in  the  eggs  at  the  beginning  of  their  development  the  assumed 
organs,  recourse  was  had  to  the  hypothesis  that  the  separate  parts.su. 

as  system,  glands,  bones,  etc.,  must  be  present,  not  only  in  a  very  diminu- 
tive, but  also  in  a  transparent  condition. 

In  order  to  make  the  process  more  intelligible,  the  origin  of  the  blossoms  of 
plants  from  their  buds  was  cited  as  an  illustrative  example.     .Just  asalv 
in  a  small  bud  all  the  parts  of  the  flower,  such  as  stamen.s  and  coloured  petals, 
uveloped  by  the  green  and  still  unopened  sepals, — ju.-t  as  the  parts  grow 
in  concealment  and  then  suddenly  expand  into  a  blossom,  so  also  in  tl 
velopment  of  animals  it  was  thought  that  the  already  present  but  small  and 
1 1  ansparent  parts  grow,  gradually  expand,  and  become  discernible.  The  doctrine 
which  has  just  been  outlined  was  consequently  called  the   Theory  of  unfoldiny, 
or  evolution.    However,  a  more  appropriate  designation  for  it  is  the  one  intro- 
duced during  recent  decennia  —  j>  reformat  ion  theory.     For  the  characte: 
feature  of  this  doctrine  is,  that  at  no  instant  of  development  is  there  anything 
new  formed,  but  rather  that  every  part  is  present  from  the  beginning. 

Miu-d,  and  consequently   that  the  renj  twin-r-    of'  <li  >•<•!, >jiineiit—  tlie  be- 
coming— is  denied.     "There  is  no  such  thing  as  becoming  !"  is  the  way 

:uents  of  Physiology  "  by  HALLMU.  "  No  part  in  the  animal 
body  was  formed  before  another;  all  were  created  at  the  >ame  time." 

At  the  necessary  consequence,  of  a  rigid  adherence  to  the  pre  format  ion  t: 
it  follows,  and  indeed  was  formulated  by  I.KIUMI/..  I!  M.U.I:.  ;<.:.  :  <  ':     n,  that 
in  any  germ  the  germs  of  all  subsequent  offspring    must    be    established  or 
included,  since   the  animal  species  are  develo;  one  another    in    un- 

inteirupted    sequence.      In    the    extension    of   this    box-irithin-box    do,-- 
(Ei<nschac1i1cht>xjslfhrc)  its  expounde  .  far  as  to  compute  how  many 

human  germs  at  the  least  were  concent i at ed  in  the  ,  and 

thereby  arrived  at  the  number  L'00,000  millions. 

The  evolution  theory  offered  a  point  of  attack  for  a  scientific  feud,  inasmuch 
as  every  individual  among  the  higher  organisms  is  developed  by  means  of  the 
cooperation  of  t  \Vh.-n,  theiefore,  the  seminal  filament  as 
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well  as  the  animal  egg  became  known,  there  soon  arose  the  actively  discussed 
question,  whether  the  egg  or  the  seminal  filament  mas  the  preformed  germ. 
Decennium  after  decennium  the  antagonistic  camps  of  the  ovists  and  of  the 
animalculist*  stood  opposed  to  each  other.  Those  who  followed  the  latter 
thought  they  saw,  with  the  aid  of  the  magnifying  glasses  of  the  times,  the 
spermatozoa  of  man  actually  provided  with  a  head,  arms,  and  legs.  The 
animalculists  recognised  in  the  egg  only  a  suitable  nutritive  soil,  as  it  were, 
which  was  necessary  to  the  growth  of  the  spermatozoon. 

Jn  the  face  of  such  doctrines  there  dawned  a  new  period  for  Embryology, 
when  in  1759  CASPAR  FRIEDRICH  WOLFF  in  his  doctor's  dissertation  opposed 
the  dogma  of  the  evolution  theory,  and,  casting  aside  preformation,  laid  down 
the  scientific  principle  that  what  one  could  not  recognise  by  means  of  his 
senses  was  certainly  not  present  preformed  in  the  germ.  At  the  beginning,  so  he 
maintained,  tlie  germ  is  nothing  else  than  an  unorganised  material  eliminated 
from  the  sexual  organs  of  tlie  parent,  which  gradually  becomes  organised,  but 
only  during  the  process  of  development,  in  consequence  of  fertilisation.  Ac- 
cording to  WOLFF,  the  separate  organs  of  the  body  differentiate  themselves 
one  after  another  out  of  the  hitherto  undifferentiated  germinal  material.  In 
individual  cases  he  endeavoured,  even  at  this  time,  to  determine  more  exactly, 
by  means  of  observations,  the  nature  of  the  process.  Thus  C.  F.  WOLFF  was 
the  founder  of  the  doctrine  of  epigenesis,  which,  through  the  discoveries  of  the 
present  century,  has  proved  to  be  the  right  one.* 

WOLFF'S  doctrine  of  unorganised  germinal  matter  has  been  compelled  since 
then  to  give  way  to  more  profound  knowledge,  thanks  to  the  improved  optical 
aids  of  recent  times,  and  to  the  establishment  of  the  cell-theory  by  SCHLEIDEN 
and  SCHWANX.  A  better  insight  into  the  elementary  composition  of  animals 
and  plants  was  now  acquired,  and  especially  into  the  finer  structure  of  the 
sexual  products,  the  egg-cell  and  the  seminal  filament. 

So  far  as  regards  the  egg-cell,  a  series  of  important  works  began  with 
I'i  UKIN.JE'S  investigation  of  the  Hen's  egg  in  1825,  in  which  the  germinative 
vesicle  was  described  for  the  first  time.  This  was  soon  (1827)  followed  by 
C.  E.  V.  BAEB'S  celebrated  discovery  of  the  Mammalian  egg,  which  had  been 
hunted  for,  but  always  without  success.  Extensive  and  comparative  investiga- 
tions into  the  structure  of  the  egg  in  the  animal  kingdom  were  published  in 
1836  by  K.  \\'A«;M:I:,  who  also  discovered  at  the  same  time  in  the  germinative 
!»•  the  pTininativedot  (macula  germinativa). 

With  the  establishment  of  the  cell-theory  there  naturally  arose  the  question 
as  to  how  far  the  egg  was  in  its  structure  to  be  regarded  as  a  cell, — a  question 
which  was  for  years  answered  in  widely  different  ways,  and  which  even  now 
from  time  to  time  is  brought  up  for  discussion  in  an  altered  form.  Even  at  that 
tinu-  .  Mix-it  with  a  certain  reservation,  expressed  it  as  his  opinion  that 

the  egg  was  a  cell,  and  the  germinative  vesicle  its  nucleus;  but  others,  his  co- 
temporaries  (BiscHOFF  and  others),  regarded  the  germinative  vesicle  as  a  cell, 

Dentations  of  the  theory  of  evolution  and  the  theory  of 

•pigem-is,  which  are  worth  the  reading,  have  been  given  by  A.  KIRCHHOFF 

ngpaper,  "CAsr\i:  ftUEDBICB  WOLFF.    Sein  Leben  und  seine 

Bedoutuni:  fur  die  Lehre  YOU  dtt  OTganisohen  Kntwicklung."    Jcnaische  Zeit- 

tckr  dicin  und  ^'atumisscn^Jmft.  I'-.l.  IV.,  Leipzig,  1868;  and  by  W. 

"  Die  Theoricn  der  geschlecht lichen  Zeugung."    Archiv  fiir  Anthropoiogic, 
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and  the  yolk  as  a  ma  •inaniinity  •;  this 

matter    was    brought    about    only   att-r    tin-    -••neral   concept ion  of  ••  cell 

.(  (1  in    Histology  a    more   !  •  I 

more  accurate   knovvle d-v   of   the   pi  .-'-ll-format  ion   -.rained   tlirough 

irks  Of  NAGBLI,  K"|.I.IKI:I:.  KIMAK.  !.I:YI>I<;.  and  others. 

The  interpretation  :th  separate   formative  and  1111'  ..  an<l 

with  partial  oles  .(M.iiied   especial  dillieulty.     Two  anta^'"' 

in  this  matter  have  e:;i-ted  for  a  Ion-  time.     Aee,,rding  to  one  vic\v,  eggs  with 
polar  nutritive  yolk  (the  eggs  of  Reptiles,  P.inls,  etc.)  an-  compound  structures, 
which  cannot  In-  designated  as  simple  cells.    Only  the  formative  yolk,  together 
with  the  LTenninat  ive  \esicle,  is  comparable  with   the   Mammalian   egg;  the 
nutritive  yolk,  on  the  contrary,  is  something  ne\v,  superposed  upon  the  cell 
from  without,  a  product  of  the  follicular  epithelium.     The  split-rules  of  tin- 
white  yolk  are   explained   as   uninuclear   and   multinudear   yolk-cells, 
formative  and  nutritive  >olk  together  are  comparable  with  the  entire  QO1 
of  the   GKAAFIAN    vehicle    of    Mammals.     II.    MI:<-KI:I.,    AI.I.KN    THOU 
K<  KU;.  >TI:ICKI-:R,  His,  and  others,  have  expressed  themselves  in  favour  of  th-s 
\ie\v  with  slight  modifications  in  the  details. 

.According  to  the  opposite  view  of  LEUCKART,  KOLLIKER,  GE(;.::NBAI  i:. 
HAEC-KKL.  VAN  |'I:M-:DI-:.V,  BALFOUB,  and  others,  the  Bird's  egz  is  just  as  truly 
a  simple  cell  as  the  egg  of  a  Mammal,  and  the  comparison  with  a  CIJAAI  i  \v 
follicle  is  to  be  rejected.  The  yolk  never  contains  enclosed  cells,  but  only 
nutritive  components.  As  KOLI.I  K  1:1:,  especially  in  opposition  to  His,  has 
shown,  the  white-yolk  spherules  contain  no  structures  comparable  withgenuine 
cell-nuclei:  and  thnvl'.>re  cannot  be  interpreted  as  cells.  As  GEGENBAUR 
already  in  1M>1  sharply  formulated  it  :  "The  eggs  of  Vertebrates  with  partial 
cleavage  are  on  that  account  essentially  no  more  compound  structures  than 
of  the  remaining  Vertebrates:  they  are  nothing  else  than  enormous 
cells  peculiarly  modified  for  special  purposes,  but  which  never  sun 
their  real  character."  There  would  be  no  change  in  this  interpretation,  even 
if  it  should  prove  to  be  that  the  yolk  was  formed  in  part  from  the  follicular 
epithelium,  and  was  set  free  from  the  latter  as  a  sort  of  secretion.  In  that 
event  we  >hould  have  to  do  with  a  special  method  of  nutrition  of  t! 
cell-nature  of  which  cannot  on  that  account  be  called  in  question. 

Various  components  of  the  yolk  have  received  special  name-.     KI:ICII  1:1: T 
lir.-t   distinguished  as  formative  yolk  the  finely  granular  mas>,  which,   : 
I'.ird's  egg,  contains  the  germinative  vesicle,  and  forms  the  germ-disc,  be< 
it  alone  undergoes  the  process  of  cleavage,  and  produces  the  embryo.    The 
other  chirf    mass  of  the  egg  he  called  nutritive  yolk,   because  it  does   not 
break  up   into  cells,  and  because  subsequently,  enclosed  in  B 
consumed   as   nutritive  material.     Afterwards    His    introduced  for  these  the 
names  chief  germ  and  accessory  germ  (Il/mpt-  und  XebfnL 

Whereas  the  nomenclature  of  KEICHKKT  and  His  is  applicable  only  to 
with  polar  arrangement  of  nutritive  yolk,  VAN  I  !>7<>)has  under 

the  division  of  the  substance  of  the  egg  from  a  more  general  standpoint.     He 
distinguishes   between  the  protoplasmic  matrix  of  the  egg,  in  which, 
every   cell    in    general,   the    vital    pn>c,  s>es   take   place,   ;md   the   reserve  and 
nutritive  material-,  which  are  stored  up  in  the  j  in  the  form  of 

granules,  plates,  and   balls,   and   w'.:i  -h    be   designates   a-    deutOplasiIL       i 
egg  possesses  both  components,  only  in  different  proportions,  in  varied  forms 
and  distribution.     BALFOUR  has  selected  this  latter  condition  as  a  basis  for 
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division ;  and  has  consequently  made  the  three  groups  of  alecithal,  telolecithal, 
and  centrolecithal  eggs,  for  which  I  have  selected  the  designation  eggs  with 
little  or  uniformly  distributed  yolk,  eggs  with  polar,  and  eggs  with  central 
yolk. 

In  recent  times  investigation  has  been  directed  to  the  finer  structure  of  the 
genninative  vesicle,  in  which  KLEINENBEEG  (1872)  was  the  first  to  observe  a 
special  protoplasmic  nuclear  trestle  (Kerngeriist)  or  nuclear  network,  which  since 
then  has  been  shown  by  numerous  researches  to  be  a  constant  structure.  In 
the  case  of  the  germinative  dot  I  have  myself  designated  two  chemically  and 
morphologically  distinguishable  substances  as  nuclein  and  paranuclein,  the 
investigations  concerning  the  importance  and  the  role  of  which  in  the  develop- 
ment of  the  egg  are  not  yet  concluded. 

The  history  of  the  spermatozoa  begins  with  the  year  1677.  A  student  in 
Leyden,  HAMM,  in  the  microscopic  examination  of  semen,  saw  the  briskly 
moving  bodies,  and  communicated  his  observation  to  his  teacher,  the  celebrated 
microscopist  LEEUWENHOECK,  who  instituted  more  accurate  investigations, 
and  published  them  in  several  papers,  which  soon  attracted  general  attention. 
The  sensation  caused  was  all  the  greater  because  LEEUWENHOECK  declared  the 
seminal  filaments  to  be  the  preexisting  germs  of  animals,  and  maintained  that 
at  fertilisation  they  penetrated  into  the  egg-cell  and  grew  up  in  it.  Thus 
arose  the  school  of  animalculists. 

After  the  refutation  of  the  preformation  theory,  it  was  thought  that  no 
importance  was  to  be  ascribed  to  the  seminal  filaments  in  fertilisation,  it 
being  held  that  it  was  the  seminal  fluid  that  fertilised.  Even  during  the  first 
four  decennia  of  the  present  century,  the  seminal  filaments  were  almost 
universally  held  to  be  independent  parasitic  creatures  (spermatozoa)  com- 
parable with  the  Infusoria.  Even  in  JOH.  MULLEB'S  "  Physiology  "  (1833-40) 
occurs  this  statement :  "  Whether  the  semen-animalcules  are  parasitic  animals, 
or  animated  elements  of  the  animals  in  which  they  occur,  cannot  for  the 
present  be  answered  with  certainty." 

The  settlement  of  the  question  was  accomplished  by  comparative  histological 
investigations  of  the  semen  in  the  animal  kingdom,  and  by  physiolo_ 
experiment. 

In  two  essays  — "Beitriige  zur  Kenntniss  der  Geschlechtsverhiiltnisse  und 
der  Samenfliissigkeit  wirbelloser  Thiere,"  and  "  Bildung  der  Samenfaden  in 
Blaschen  " — KOLLIKEB  showed  that  in  many  animals,  e.g.,  in  the  Polyps,  the 
semen  consists  of  filaments  only,  the  fluid  being  entirely  absent;  and  that  in 
addition  the  filaments  are  developed  in  cells,  and  consequently  are  themselves 
elementary  parts  of  animals.  REICHERT  discovered  the  same  to  be  true  in 
Nematodes.  By  means  of  physiological  experiment  it  was  recognise  1  that 
seminal  fluid  with  immature  and  motionless  filaments,  and  likewise  mature  but 
filtered  semen,  did  not  fertilise.  This  was  decisive  for  the  view  that  the 
seminal  filaments  are  the  active  part  in  fertilisation,  and  that  the  lluid.  which 
is  added  thereto  in  the  case  of  the  higher  animals  under  complicated  sexual 
conditions,  "can  be  regarded  only  as  a  menstruum  for  the  seminal  bodies 
which  is  of  subordinate  physiological  significance." 

Since  then  our  knowledge  (1)  of  tha  finer  structure,  and  (2)  of  the  develop- 
ment of  the  seminal  filaments,  has  made  further  advances.  So  far  as  regards 
the  first  point,  we  have  learned,  especially  through  the  works  of  LA  VALETTE 
and  SCUWEIGGER-SEIDEL,  to  distinguish  between  head,  middle  piece,  and 
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tail,  :tn«l  to  know  their  diilVivnt  chemical  :in.l  •  ropertics.    The  view 

;-y    K. ii. i. IK  1:1:.   th.-it    ordinarily   the  seminal  filaments  were  the 
metamorphosed  anil  elongated  nuclei  of  tin-  seminal  cells,  underwent  a  m<  • 

. :iiL,r  to  tin-  researches  <»f  !,.\   v  'he  head  of  the 

seminal  tilamei.'  -n  the  nucleus,  t  he  tail,  on   the  contrary,  from  the 

protoplasm  of  the  spermat  id.     Finally  I-'I.I:.M  \IIN<;  i.n.ujiit  f'(.r\vanl  convincing 
proof  that  it   is  only  the  chromatin  of  the  nuc., 

the  head  of  the  seminal   filament.     Important    inve>:  ipit  i'-n*  con'''-niiii£  the 
>l>ment  of  the  seminal  filaments  in  various  animals  have  recently  been 
madel>\  VAN  BBVBDHI  irJULIir,  I'I.ATNI:I:.  HI.I:M\  'hers. 

SUMMARY. 

The  most  important  results  of  this  chapter  may  be  briefly  sum- 
marised as  follows  :  — 

1.  Male  and  female  sexual  products  are  simple  cells. 

_.  The  seminal  filaments  are  comparable  to  flagellate  cells.     T 
;uv   usually  composed   of   three    portions,    head,   middle    piece,    and 
contractile  filament. 

3.  The  seminal   filament    i>   developed  out  of  a  single  cell,  the 
sprnnatid;  the  head,  and  probably  also  the  middle  piece,  from  the 
nucleus  ;  the  contractile  filament  from  the  protoplasm. 

4.  The  egg-cell  consists  of  egg-plasm  and  yolk-particles,  which  are 
.«•  material  (deutoplasin),  imbedded  in  it. 

5.  The  quantity  and  distribution  of  the  deutoplasm  in  thee^-cell 
is  subject  to  great  variation,  and  exercises  the  greatest  influence  on 
the  course  of  the  first  processes  of  development. 

(a)  The  deutoplasm  is   small   in    amount,   and   uniformly  dis- 

tributed in  the  egg-plasm. 

(b)  The    deutoplasm  is    present  in  tjuantity,   and,    in 

consequence   of  unequal   distribution,    is   more   densely 
cumulated  either  at  one  pole  of  the  egg  or  in  its  middle. 
(Polar  and  central  deutoplasm.) 

(c)  In  <\Lrj_rs  with   polar  deutoplasm  (eggs  with  polar  ditl'«  ivntia- 

tion)  the  pole  with  more  abundant  deutoplasmic  contents 
is  designated  as  the  vegetative,  the  opj>osite  one  as  the 
animal  pole. 

(</)  In  the  case  of  eggs  with  p.»lar  differentiation,  the  more 
abundant  protoplasm  of  the  animal  pole  may  be  sharply 
differentiated  as  germ-disc  (formative  yolk)  from  the 
portion  which  is  richer  in  deutoplasm  (nutritive  yolk). 
The  developmental  processes  take  place  only  in  the 
formative  yolk,  while  the  nutritive  yolk  remains  on  the 
whole  passive. 
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6.  Eggs  may  be  divided  into  several  groups  and  sub-groups  ac- 
cording to  their  development  from  cells  of  the  ovary  alone,  or  from 
cells  of  the  ovarium  and  vitellariuni,  as  well  as  according  to  the 
distribution  of  the  deutoplasin,  as  exhibited  in  the  following 
scheme : — 

I.  Simple  eggs.     (Development  from  cells  of  the  ovary.) 

A.  Eggs  with  little  deutoplasm  uniformly  distributed  through 

the  egg  (alecithal*).     (Amphioxus,  Mammals,  Man.) 

B.  Eggs  with  abundant  and  unequally  distributed  deutoplasm. 

(1)  Eggs  with  polar  differentiation  (telolecithal),  with  deuto- 

plasm having  a  polar  position,  with  animal  and 
vegetative  poles.  (Cyclostomes,  Amphibia.) 

(2)  Eggs  with  polar  differentiation,  which  are  distinguished 

from  the  preceding  sub-group  by  the  fact  that  with 
them  there  has  been  effected  a  still  sharper  segregation 
into  formative  yolk  (germ-disc)  and  nutritive  yolk — 
into  a  part  which  is  active  during  development  and  a 
part  that  is  passive.  (Eggs  having  polar  differentia- 
tion with  a  germ-disc.  Fishes,  Reptiles,  Birds.) 

(3)  Eggs  having  central  differentiation  with  central  deuto- 

plasm (centrolecithal)  and  superficially  distributed 
formative  yolk  (blastema,  Keimliaut}.  (Arthropods.) 

II.  Compound  eggs.      (Double  origin  from  cells  of  the  ovarium 

and  vitellarium.) 
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CHAPTER   II. 

THE  PHENOMENA    OF  THE   MATURATION  OF  THE  EGG  AND 
THE  PROCESS  OF  FERTILISATION. 

1.  The  Phenomena  of  Maturation. 

EGGS,  such  as  have  been  described  in  the  previous  chapter,  are 
not  yet  capable  of  development,  even  if  they  have  acquired  the 
normal  size.  Upon  the  addition  of  mature  semen  they  remain 
unfertilised.  In  order  that  they  may  be  fertilised  they  must  first 
pass  through  a  series  of  changes,  which  I  shall  group  together  as 
the  phenomena  of  maturation. 

The  maturation-phenomena  begin  with  changes  of  the  germinative 
vesicle,  which  have  been  followed  out  the  most  carefully  on  the 
small  transparent  eggs  of  invertebrated  animals,  such  as  the 
Echinoderms  and  Nematodes  (the  ni.-i  \v-worin  of  the  horse).  The 
germinative  vesicle  gradually  moves  from  the  middle  of  the  egg — 
the  egg  of  an  Echinoderm  may  serve  as  the  basis  of  tin-  description 
— towards  its  surface,  shrivels  a  little  (fig.  12.4),  in  that  fluid  escapes 
frcm  it  into  the  surrounding  yolk,  its  nuclear  membrane  disappears, 
and  the  germinative  dot  becomes  indistinct  and  break*  uj»  into  small 
fragments  (fig.  12  B  Iff).  During  this  degeneration  of  the  germinative 
vesicle  a  nuclear  spindle  (fig.  1 '-'  H  Kp)  is  formed,  as  can  be  recognised 
only  after  appropriate  treatment  with  reagents :  there  arises  out  of 
<•/  ///,-  </'///'  -nut ire  dot,  or  out  of  a  part  of  the  nuclear  substance 
of  the  germinative  vesicle,  a  nuclear  spindle  (fig.  12  B  sp), — a  form 
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of  th.-  nucleus  which  one  encounters  in  the  animal  ai.d  regettbll 

kingdoms  ill  staiM-s  preparatoiy  t..   o-ll  division. 

The   nucl.ar   spindle,  the   more   pn-rise   Mnict-ire  of    \\hich  will  I,,- 

ribed  later,  in  .liM-u»in-  the  process  of  cleavage,   pur>urs  still 

further  the  direction   alrca.lv  taken   l,y  the  irermin  u-le,  until 

it  touches  with  its  apex  bhe  surf  ace  <>f  the  yolk,  when-  it  i 
pcsition  with  its  long  axis  in  the  direction  of  a  radius  (fig.  1:;  / 

miino   process  of  cell-division  ><;on  takes  place  hen-,  \\hich    i 
h.    distini:ui>he.l   fivni   the  oi-.linary  n-11  division   onlv   l.v   thi>, 
the  t\\i»  products  of  tho  division  are  of  very  unequal  >i/.e.     To  be 


Fig.  12.— Portions  of  eggs  of  Asterias  glacialis.    They  show  the  degeneration  of  the  germinatire 

Teaicle. 
In  figure  A  it  begins  to  shrivt-1,  in  th.it  a  protuberance  of  protoplasm  (x),  with  a  rail 

i>f  it,  lu-iu-t rates  into  its  interior,  and  dissolves  tin-  mrinl>t.ine  at  that  point.  UK- 
_•  iiniii  iti\>>  dot  (kf)  is  still  visible,  but  x-p.u.ttfd  into  two  substances,  nuclein  (nu)  and 
]«aranurl,'in 

in  /•'  tin-  -rriuiii:iti\<-  \.-siole  (kb)  is  entirely  shrivelled,  its  membrane  is  dusolved.  and 
.  nly  .-null  n-i-iii.-nt-  ..f  tin;  KcnniiKitive  dot  (Ly")  reui.iin.    In  the  re-ion  of  the  prot 
protuberance  of  figure  A  there  is  a  nuclear  spindle  (.*p)  in  process  of  formation. 

more  exact,  therefore,  we  have  to  do  here  with  a  r< '/' -////././/////.  At 
the  place  where  the  nuclear  spindle  touches  the  surface  \\ith  one  of 
\treinities  tho  yolk  arches  up  into  a  small  knoh.  into  which 
half  <»f  the  >pir.dle  itself  advances  (ti^.  l;j  //  ).  The  knob  thereupon 
becomes  constricted  at  its  l>ase.  and  with  the  half  of  the  spin.! 
from  which  sul»e<jiient ly  a  vesicular  nucleus  i-  again  formed  i- 
detached  tVom  the  yolk  as  a  very  small  cell  (tUr.  !•'>  ///  "'  '  Here- 
upon exactly  the  sallie  pr<  Ce>s  i>  I'epeated,  after  [}  •  :  the 
spiiidl.-  which  remain-  in  the  t.^«r,  without  havini:  pn-\  :  'ored 
into  tho  vesicular  «|uiescent  stage  of  the  ntu-h-us. 
to  a  complete  spindle  (t\g.  13  IV). 

There    now    lie    c-lose    t,  ;rface   of    the    yd 

sphei-ules,  which  consi.^  of  jn-otoplasm  and  nucleus,  and  theiefore 
have  the  value  of  small  cells  (fig.  13  V  rk\  rk:),  and  which  are 
often  to  be  idtntitied  in  an  unaltt-ied  condition.  e\en  ; 

baa  boon   divided   into  a  number  of   cells.      They    were  already 
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known  in  earlier  times  under  the  name  of  direction  bodies,  or 
polar  cells.  They  have  acquired  the  latter  name  because,  in  the  case 
of  eggs  in  which  an  animal  pole  is  to  be  distinguished,  they  always 
arise  at  that  pole.  After  the  conclusion  of  the  second  process  of 
budding,  one  half  of  the  spindle,  the  other  half  of  which  was  employed 
in  the  formation  of  the  second  polar  cell,  is  left  in  the  cortical  layer 


V.  VI. 

Tig.  18,— Formation  of  the  polar  cells  in  Asterias  glacialis. 

In  figure  7.  the  polar  spindle  (*p)  has  advanced  to  the  surface  of  the  egg.  In  figure  II.  there  has 
been  formed  a  small  elevation  (r)t')(  which  receives  a  half  of  the  spindle.  In  figure  ///.  the 
elevation  is  conflicted  off,  forming  a  polar  cell  (rX.-1).  Out  of  the  remaining  half  of  the 
previous  spindle  a  second  complete  spindle  («p)  has  arisen.  In  figure  IV,  there  bulges  forth 
beneath  the  first  polar  cell  a  second  elevation,  which  in  figure  V.  has  become  constricted  off 
as  the  second  polar  cell  (rA-*).  Out  of  the  remainder  of  the  spindle  is  developed  (figure  Vl.y 
the  egg-nucleus  («*). 

of  the  yolk  (fig.  13  Fand  VI  ek).  From  this  arises  a  new,  small, 
vesicular  nucleus,  which  consists  of  a  homogeneous,  tolerably  fluid 
substance  without  distinctly  segregated  nucleoli,  and  attains  a 
diameter  of  about  13  /x.  From  the  place  of  its  formation  it  usually 
migrates  slowly  back  again  toward  the  middle  of  the  egg  (fig.  14  ek). 
The  nucleus  of  the  mature  egg  (fig.  14  ek)  has  been  designated  by 
me  as  Egg-nucleus,  by  VAN  BENEDEN  as  female  pronucleus.  It  is  not 
to  be  confounded  with  tJie  yerminative  vesicle  of  the  unfertilised  egg. 
Compare  the  figures  of  the  immature  egg  (fig.  15)  and  the  mature 
egg  (fig.  14)  of  an  Echinoderm,  both  of  which  are  drawn  with  the 
same  magnification.  The  germinative  vesicle  is  of  very  considerable 
size,  the  egg-nucleus  remarkably  .-mall  :  in  the  case  of  the  former 
one  distinguishes  a  clearly  developed  nuclear  membrane,  a  nuclear 
network,  and  a  nucleolus;  the  latter  is  almost  homogeneous,  without 
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niich'olus,    :ind    not    Separated     l'i«-in    the    j  M.I.  pla-m     l.y    :my 
similar  di>tinction>  in  tin-  .-i.ndifii.n  ot    the  ^<-rmii 
!e  and  tin-  C.L'.I:  nucleus  nrur  t  hiMu<_'h"iit  tin-  animal  kingdom. 
'I'ln-  I'm -iiiation  "f  polar  cells  and  tho  accompanying  motamorpl 
of  tin*  ^ermina'ive  vehicle  into  such  an  ext  raonlinarily  i'cdiu-«-d  egg- 
nticlfU-.  is  It  plii'noiiu'n"n   of    \«MV    \\ide.  j.roliahly,  indcrd,  <»t'  _i:«Mj«-r:i  1 

nviKv.     Polar  cdl>  have  been  observed  throughout  tin-  rn-im- 

ti-raies,  Kchinoderms,  NVonns,  and    Molluscs.     In  th«-  rip.-nini:  of  th.- 

i-opods.    acconlin.ir    to    lli.>   .-arli.-r   ol.M-rvat  ion>,     tli.-y 

;i]i  tared  m-vi-r  to  be  present;  but  recently  tl  been  lound  in 


Fig.  14.  Mature  egg  of  an  Ichinoderm.  It  em- loses  in  the  yolk  the  v try  so; all  homogeneous 
Fig.  15.—  Immature  egg  from  the  ovary  of  an  Echinodern?, 

mimerou.-  .-pecies  by  a  number  of  observers,  especially  by  BLOCHMANN 
and  WKISMANX.  Among  V»  rti'brate-  polar  cells  are  always  en- 
countend  in  Cyclostomes  and  Mammals,  \vherea>  in  Kishe>  and 
Amphibia  they  have  been  identified  only  in  some  cases,  ami  in  Keptile- 
an«l  I'.hds  not  at  all  as  yet.  They  arise  either  some  time  before  or 
elM-  diirini:  fertilisation. 

In  the  case  "f  Mammals  t  Ilabbit  ami  Mouse)  the  process  has  '» 
very  carefully  investigated  by  VAN   HI:NEDKN.  and  recently  byTAiAM. 

...  uc«-k-  before   the   ruptuiv   of   the   (JIIAATIAN    follicle   the 
minative  vesicl-  a>cends  to  the  Mirface  of  the  egg;  some  days  before 
that   epoch  it   there  di>app:-a rs,  and  at   the  p!ac.-  wlu-re  it   di-app. 
there  are  formed  the  egg-nodeufl  and,  under  the  /.ona  pellucida,  one 
or  two  ^TAKAXI)  polar  cells.     T  .  r  it   has  escaped  from  the 

L>\ary  always  exhibit.-  e^--  nm-leus  and  polar  cells. 

Also  in  the  case  of  Pishes,  Amphibia,  Reptiles,  and    Birds,  whose 

3 


31  EMBRYOLOGY. 

eggs  are  of  considerable  size  and  with  few  exceptions  opaque,  the 
ili>tin^ui>lied  by  its  numerous  nucleoli,  undergoes 
a  regressive  metamorphosis.  As  has  been  followed  step  by  step  in 
Teleosts  by  OELLACHER,  and  in  Amphibia  by  the  author,  it  always 
ascends  from  the  middle  of  the  yolk  to  its  surface,  and  in 
fact  without  exception  to  its  animal  pole:  in  the  case  of  the 
Frog  (fig.  16  kb)  this  occurs  many  weeks  before  the  beginning 
of  maturation.  Here  immediately  under  the  vitelline  membrane, 
it  becomes  flattened  to  a  disc-like  body,  being  at  the  same  time 
somewhat  shrunken.  Further  changes,  which  it  is  very  difficult 
to  follow  in  detail,  take  place  in  a  comparatively  short  time; 
these  occur  in  tie  case  of  the  Amphibia  at  the  time  when  the 


Fig.  18. -Frog' •  eff  in  procesf  of  ripening. 

The  germinative  vesicle  (kb),  with  numerous  genuinative  dots  (i/),  lies  quite  at  the  surface  of 
the  animal  pole  as  a  flattened  lenticular  body. 

eggs  are  detached  from  the  ovary.  For  if  one  examines  eggs  which 
have  already  escaped  into  the  abdominal  cavity,  or  have  entered  the 
oviduct,  it  is  uniformly  found  that  the  germinative  vesicle  with  its 
disappeared.  In  this  case,  too,  there  are  subsequently 
formed  from  a  part  of  the  chromatic  substance  of  the  germinativo 

!••  two  polar  cells  and  an  egg-nucleus,  as  has  been  proved  by  the 
fine  investigations  of  HOFFMANN  for  some  species  of  Teleosts,  of 
O.  »S<  HI  i  .-veral  Amphibia  (Siredon,  Triton),  and  of  KAST- 

SCHENKO  for  certain  Selachians. 

^  i :  i  -  1  BLOCHMANN  have  discovered  a  very  interesting  fact 

in  the  Arthropods.    In  eggs,  namely,  which  develop  part henogenet fo- 
ully (in  Mimmereggsof  Polyphemus,  Bythotrephes,  Moina,  Leptod<  i.,. 

I  >..  I  hni.i,  as  well  as  in  Aphidte)  only  a  single  polar  cell  is  elimin- 
ated, whereas  in  eggs  which  require  fertilisation  for  their  further 

lopment  there  are  always  two  formed.     At  present,  how 

contrast  cannot  be  established  as  a  general  law.     For  PLA  i 
found    that   in   the   cose  of   Liparis  dispar   there    are    formed    in 
genetic  eggs,  as  well  as  in  those  which  are  fertilised,  two 
polar  cells,  the  first  of  which  again  divides.     BLOCHMANN  arrived  at 

^ame  result  from  the  investigation  of  unfertilised  eggs  of  bees, 
from  which  drones  are  developed. 
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Although    tin-   roearch.  >    MI.     tin-    |  henoinona    of     QQ 
the  egg    in     animals    .still     pn-ont    numerou 
U   ti/r,  >(,/.. 

•   fijiuM,  ,/,    tlmt    tli>'   */••'•//<// 

|  //////  //,.  rt  ''-•  fan 

_ards  tin-  details  there  arc  still  nianv  pr<  «•••>-  •> 
to  IK-  mope  carefully  studied)  //    /•-/,/   .>•„,,///  ,,/,/  ////,-/,- ,/.v.      // 

fa,  ],r,i/ni/>/i/  n-ttl«,, 

The  /»//"/•  differentiation    of    many    eggs   rich    in    yolk,    which 
pointed  out  in  the  first  chapter,  may  he  brought  into  c;m-,il  com,,Ttinn 
with  the  plienoiiiena  of  maturation.      Without    exception   the  animal 
pole  is  the  part    of  the  egg  >phere  to  which   the  germinative  vesicle 
:ids,  jnnl  wlu-re   th:-   polar  celK   an-   >ul.s.  .juent  lv  foi'ined.      That 
the   protoplasm    is  accumulated    heie   in   i^reatei- (plant it  v   i>   in 
refeiahlo  to  the  fact  that  it  cumes  to  the  surface  of  the  i-^ir  alonU' 
witli  thi*  nucleus,  which    most    certainly  furnishes  a  centre   o!  ;r 
tiun  for  the  protoplasm. 

The  insight  into  tlie  i>licn<aiKMia  of  tl.o  maturation  of  the  egg,  a- 
funiH-ctcdly  I'lv-M-ntcd  in  the  preceding  pa.irt^,  li.is  l.f»-ii  ai'ijuirt-d  only  l.\ 
r..un«l:ibout  ways  and   alt rr  tin-  removal  of  many  iniscon.-i-j.ti..' 
th.-  yi-ar  \^l->  ITKKIXJK,  the  <ii>co\ cn-r  of  tlie  L^-nninati  . 

t-.uiul  tliat  in  t-^.irs  which   w,-iv  taken   from  tin-  mMuct   this  \ 
di>apin-ared.  and  from  this  concluded  that  it  was  ruptured   \\\  tin-  coium 
of  the  o\iduet,  and  tliat  Ltl  a  lymphii  irenenitrix )  were  niin-'l.-c 

tlie  Lrenn.     \Vliencc  the  name  voi.-ula  ^«  niiinativa.      Similar  oh>cr\at  i«>n- 

on   this  and  other  olijects   l>y   t '.    !•;.    \ .    I'-AI:I:.  OKI.I.A'  111.1: 
Ki.i-:iM:sr.i-:i:«..  KOWAI.KVSK^  .  l;i:icu  i;i:r.  an<l  otlu-r>.     lUu  mi  ti..-  otlier  hand 
the   po.Mthu   statements  wrr«-   made   for  many  eggs   (>>y  Jon.    Mn.i.i 

"iicha    mirahilis  ;    by     I.i;ii>i<..    QB6KKBAUB,    and    \AN     I'.I.N 
KoiitVr.-,   Me<lu>;e,  et.\)  that    the  germinat i\\-  \,-i  •]._•  did  imt  disappear,  but 
remained  and  -a\e  riM   l»y  diicct  divi>ion  at  the  time  of  si-i:mentation  to  the 
daughter-nuclei. 

There  were  therefore  in  previous  decmnia  two  oi>j..»inir  \  one 

ted  the  continuance  of  the  germinal  :•••  .,nd  its  divi>i.>n  during  the 

•'ne  other  maintained  that  the  egg-cell  in  :  ait-nt 

I  through  a  condition  icithout  nuclt-u*,  and  again  acquired  a  nuclcu^  in 

;''iice  of  fertilisation. 

c,,nti-..vcr.-ial  points  I  »d  uj>  by  I] 

and  tlie  author  had  undertaken  at  tin-  HUBfl  ' 

I    sliowed  in   my   first    "BettlUge   xur   Kennt:  :.ddung,   Refrucl.- 

und   Theilung  des   thu-risehen  .'     in    all    i  writings   • 

had  been  no  distinction  made   between   the  nud. 
mature,  and  the  fertilised  egg,  but  that  the>e  nuclei  • 
ami  held  to  be  identical,  and  I  tii>t  i-tabli-h,-.i 

native  vesicle,  i-gg-nueU-us.  an-i  -:n:cleii>,  ihe  latti-r  being  the  names 

which  were  introduced  by  me.     In  addition  I  showtd  that  the  disappearance 
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of  the  germinative  vesicle  and  the  origin  of  the  egg-nucleus  preceded  fertilisa- 
tion, and  thus  I  distinguished  between  the  phenomena  of  maturation  and 
fertilisation  of  the  egg-cell,  which  generally  had  been  interchanged  and  con- 
founded. I  also  endeavoured  to  make  it  probable  that  the  egg-nucleus 
descended  from  the  germinative  vesicle,  and  in  fact  from  a  nucleolus  of  the 
vesicle,  and  defended  the  thesis  that  the  egg  during  its  maturation  did  not 
pass  through  a  non-nuclear  condition.  In  this  I  fell  into  an  error  :  I  overlooked, 
like  all  previous  observers,  the  connection  between  the  formation  of  the  polar 
cells  and  the  disappearance  of  the  germinative  vesicle, — a  process  which  it  was 
the  more  difficult  to  establish  in  the  object  which  I  studied  because  it  takes 
place  in  the  ovary. 

The  excellent  investigations  of  BCTSCHLI,  which  brought  the  changes  of  the 
germinative  vesicle  into  connection  with  the  formation  of  the  polar  cells,  now 
made  their  appearance,  supplementing  my  results.  The  polar  cells  were 
discovered  in  the  year  1848  by  FR.  HOLLER  and  LOVEN,  and  were  named  by 
the  former  directive  vesicles  (Richtungsblaschen),  because  they  always  lie  at 
the  place  where  subsequently  the  first  cleavage-furrow  makes  its  appearance. 
Their  wide  distribution  in  the  animal  kingdom  had  also  been  established  by 
many  investigators ;  BCTSCHLI  was  the  first,  however,  to  direct  attention  to 
the  peculiar  processes  which  take  place  in  the  yolk,  in  the  interpretation  of 
which  he,  nevertheless,  committed  several  errors.  He  maintained  that  the 
whole  germinative  vesicle  is  converted  into  a  spindle-shaped  nucleus,  which 
moves  to  the  surface,  and,  while  becoming  constricted  in  the  middle,  is  thrust 
outside  by  the  contractions  of  the  yolk  in  the  form  of  two  directive  b  • 
j'.y  this  process  the  egg  became  non-nuclear,  and  again  acquired  a  nucleus 
only  in  consequence  of  fertilisation. 

In  two  further  articles  on  the  Formation,  Fertilisation,  and  Cleavage  of  the 
Animal-Egg,  I  modified  the  teachings  of  BCTSCHLI,  and  brought  them  into 
unison  with  my  previous  investigations,  inasmuch  as  I  pointed  out  that 
the  germinative  vesicle  is.  not  as  such  directly  converted  into  the  nuclear 
spindle,  but  in  part  is  dissolved :  that  the  spindle  takes  its  origin  from  the 
nuclear  substance  in  a  manner  which  it  is  very  difficult  to  investigate;  that 
tlu-  i>olar  cells  are  formed,  not  by  the  elimination  of  the  spindle,  but  by  a 

me  process  of  division  or  budding  ;  that  in  consequence  of  this  the  ej 
not  destitute  of  a  nucleus  even  after  the  constricting  off  of  the  second  \ 
cell,  but  that  the  egg-nucleus  arises  from  the  half  of  the  divided  polar  spindle 
whic'  in  the  yolk,  and  therefore,  in  its  ultimate  derivation,  from 

components  of  the  germinative  vesicle  of  the  immature  egg. 

Soon  afterwards  BCTSCHLI  also  interpreted  the  development  of  the  directive 
bodies  as  cell  budding,  likewise  GiARD  and  also  FOL,  who  has  produ 
very  extensive  and  thorough  investigation  on  the  phenomena  of  the  maturation 
of  the  egg  in  animals.     Recently  VAN  BENEDEX,  supported  by  re* 

,  has  combatted  the  interpretation  of  the  process  as  cell-bud 
i  •  •  VKHI  and  0.  ZACH  ARIAS,  who  have  established  a  complete  agre<  : 

ie  formation  of  directive  bodies  and  the  process  of  cell-division  in 
the  case  of  the  Ne  mat  odes  also,  are  unable  to  subscribe  to  his  conclusion  in 
this  matter. 

As  a  new  advance  is  to  be  recorded  the  discovery  by  WKI.SMANN  and  l.y 
BLO<  at  in  eggs  which  are  developed  parthenogenetically  only  a, 

tingle  polar  cell  arises. 

If  the  original  obscurity  on  the  morphological  side,  in  which  the  phenomena 
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tin-  egg  were  ei. 

:  we  inijuiiv  after  its  physiological  meaning. 
•  rminative  \esiclc  in.  mctam<irph"-is  into  com p 

tally  comprehensible,  for  a  firm  membrane  and  a  iieh  m 

of  nucIeoplaMii  certainly  cannot    be  neees-ary  to  the  int.-:.  protoplasm 

and  acthe  nuclear  siil-tance   in    the   pn>ce>-es  of  division.      Itsdissoluti 

Were,  tin-  preliminary  reijiiii vm«  nt   \»r  tin-  reiie\ve«|  aetiv;1  iclear 

lit-.      I'.ut  what  function  shall  one  a-cribe  to  tin-  polar  cells? 
;  !hi-  -M  '\eral  h\p"lh>--«  >  have  l.een  j,n.].. 

BALVOUB,  »  I><;WICK  MIVT.  \  \N    I:IAI  I.I.N.  and   otben,  in  ol  ••pinion 

that  tlie  iniinature  i-^ir,  like  e\ery  ..tlier  cell,  is  ..ri.u'iually  hernia|'h: 

tliat  l>y  the  iie\-e!..piiient  of  polar  cells  it  ri«!s  i1  male  ci«n>titu« •• 

Its  nnoleoB,  which  afterwards  are  ivpiaeeii  \t\-  fertilisation.     r..\i.r- 

that,  if  no  polar  cell>  were  forme  1,  part  lieno_ufeiie>i-  mu>t  normally  occur. 

\V  1.1 -MANN,   >upported  by  his  discovery  in   the  case  of  eggs  developing 
parthem 'genetically  (p.  34),  ascribes  a  different   function  to  the  lir>t  ai 
second  polar  cells,     lie  di-tiniruishes  in  the  <:enninative  vesicle  two  different 
kinds  of  plasma,  which    he    designates    ovogenetic    and    germinal    \i].. 
He   maintains  that  by  the  formation  of  the  !h>t   polar  cell    the    uvo-, 
plasma  is  eliminated  from  the  ovum;   by  that  of  the  second  polar  cell,  half 
of  the  LTerminal  plasma.     In  the  latter  case  the  ejected  germinal  plasma  nut-t 
be  replace  1  by  fertilisation. 

Thes;.'  hypotheses  appear  to  me  upon  closer  examination  t«.  present   many 
vulnerable   points.      To   me    appears   more   promising    an    interpretation    of 

-    in.i,  who  comi  ares  the  egg,  as  had  already  often  been  dt< 
mother-cell  of  spermatozoa.     Just  as  the  latter  gives  rise  to  many  spermatozoa, 
so  also  the  eirs?  must  have  once  possessed  the  capability  of  di\ :  .:'  into 

eggs.     Jn  the  formation  of  the  polar  cells,  which  are  eggs  that 
become  rudimentary,  as  it   were,  there   has  been  p:  «  of  these 

al  cnnditi'  l'.'>vi:i:i    regards   the    polar   cells   as    ulmrtivt} 

1  have  likewise  always  conceived  of  the  conditions  in  this  manner. 


2.  The  Process  of  Fertilisation. 

The  union  of  egg-cell  and  spermatic  cell  is  dY-iirnated  as  t  lie  process 

of  fertilisation.     This  process  is  to  bo  ol.xTvt •<!,  M>mrtime>  with  i^u-.tt 

ulty,  sometimes  with  con>i(lrraMc  ease,  ncronling  to  the  choice  of 

tlu-  annual    for   t'.\}>rriiUL']itati<>u.       The    invotiiratnr    «'nlinaril\ 
c"unter.>  «rivat  difficulties  in  caso^lu-re  tlie  rij  re  n»»t  lai«l.  l»ut 

where  a  part,  if  not  the  wiifle.  of  their  development  is  rHi-c!«  '1  within 
tin-  sexual  ducts  of  the  maternal  organism.  In  Mich  ca>e>  the  fertili- 
sation also  inuM  (  videiitly  take  place  in  thoduct>of  t  lie  female  sexual 
apparatus,  into  which  the  semen  is  introduced  in  the  act  of 

copulation, 

An    inl-  r,"il  />  rtili^it'c-ii    takes    place    in    nearly    all    VerteLi 
except  tin-  greater  part  of  the  KM  n -sain  I  many  Amphibia.    Usually  t  he- 
aid  the  spermatozoa  meet,  in  the  case  of  Man  and  Mamma 
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the  beginning  of  the  oviduct ;  likewise  in  the  case  of  Birds  they  meet 
in  the  first  of  the  four  regions  previously  (p.  17)  distinguished,  and 
at  a  time  when  the  yolk  is  not  yet  surrounded  with  its  albuminous 
envelope  and  calcareous  shell. 

In  contrast  to  internal  fertilisation  stands  external  fertilisation, 
which  is  the  simpler  and  more  primitive  method,  and  which  occurs  in 
the  case  of  many  Invertebrates  that  live  in  the  water,  as  well  as 
ordinarily  in  Fishes  and  Amphibia.  In  this  method,  while  male  and 
female  keep  near  together,  both  kinds  of  sexual  products,  which  are 
for  the  most  part  produced  in  great  number,  are  evacuated  directly 
into  the  water,  where  fertilisation  takes  place  outside  of  the  maternal 


3Mn 


Fif .  17  A,  B,  C.-8maU  portion!  of  eggs  of  Asteria*  glacialii,  after  FOL. 

The  spermatozoa  have  already  penetrated  into  the  gelatinous  envelope  which  covers  the  eggs.  In 
A  there  begins  to  be  raised  up  a  protuberance  toward  the  most  advanced  spermatozoon.  In 
B  the  protuberance  and  spermatozoon  have  met.  In  C  the  spermatozoon  has  penetrated 
into  the  egg.  A  vitelline  membrane,  with  a  crater-like  orifice,  has  now  been  distinctly 
formed. 

organism.  The  whole  procedure  is  therefore  much  more  easily  observ- 
able. The  experimenter  has  it  within  his  power  to  effect  fertilisation 
artificially,  and  thus  to  determine  precisely  the  point  of  time  at  which 
egg  and  semen  are  to  meet.  He  needs  only  to  collect  in  a  watch-glass 
•  ining  water  ripe  eggs  from  a  female,  likewise  in  a  second  watch- 
glass  ripe  semen  from  a  male,  and  then  to  mingle  the  two  in  a 
suitable  manner.  In  this  way  artificial  fertilisation  is  extensively 
practised  in  fish-breeding.  For  the  purpose  of  scientific  investigation 
th«-  .-diction  of  the  particular  >p<  cics  of  animal  is  of  the  greatest 
importance.  It  is  manifest  that  animals  with  lar^«-  opaque  eggs  do 
not  commend  themselves,  whereas  those  species  are  especially  Mut- 
able whose  eggs  are  so  small  and  transparent  that  one  can  observe 
in  under  the  microscope  with  the  highest  powers,  and  at  the  same 
time  pass  in  review  every  least  speck.  Many  species  of  Echinoderms 
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are  in   tin-   r«->jMM-t    in  >      •  '  ion.      (  'mis 

ntly  it  was  by  means  of  them  tluU  an  ac'-m-ate  in-ii:ht   int<>  th»- 

rtili.vition  \va>  tii'M  M  rim-d.      Tlr-y  may  tli.-n  I'm-*- 
in  the  following  account  as  tin-  foundation  (.t'  our  dex-ript  ion. 

It'  ripe  rggs  with  ogg  nucleus   we    n-mov.  d    from   tin-  ovary  mi 
watch  ^las.   containing  sea-water,    and   a   small   (juantity  of  >eminal 
fluid  is  added,  a  very  uniform  n  suit   is  ol.taine.l.  >ince   in    tin*  comx- 
<>f  live  ininuti--  'lie   of  many  hundn  ds  «>r  tlu»us:md> 

nornrilly  frriilis-'d.  as   fan  h<>    acrurat    ly  uli-  -rvi  d  l>y  mean-  of  hi^li 

magnification. 

. \lthouirh  spermatozoa  attach  themselves  tothegelatinoufl 


Fig.  18.  Fig.  10. 

Fig.  18.— Fertilised  egg  of  a  Sea-urchin. 

The  head  of  the  sj>ei  ui.it'>/.,i m  whieh  ]>enetrated  haa  lieen  converted  into  a  spemi-nucleut  (*t) 

;ii«le«l  by  ;i  protoplasmic  radiation,  and  has  approached  the  egg-nucleus  (ek). 
Fig.  13.    Fertilised  egg  of  a  Sea-urchin. 

'  .4-)  and  the  egg-nucleus  (ek)  have  come  close  to  each  other,  and  both  arc 
surrounded  by  a  protoplasmic  radiation. 

of  an  egg  in  groat  numbers, — many  thousands  of  tin  in  whon  con- 
ri  ntratrd  seminal  fluid  is  employed, — still  only  a  single  one  of  thorn 
is  concerned  in  fertilisation,  and  that  is  the  one  which  by  tin-  lash- 
like  motion  of  its  filament  first  approached  the  egg.  Wln-n-  it  strikes 
tin-  surfac,'  of  tin-  i-gg  with  the  point  of  its  h«  ad  the  clear  MI]>:  rtirial 
rxpan>r  of  the  egg-protoplasm  is  at  once  elevated  into  u  small  knob 
that  is  ofti'ii  drawn  out  to  a  fine  point,  tin-  so-i-alh-d  nv  j.iivi-  promin- 
i>t'iiii<jii is.i/ti'ii/el),  or  cone  of  attraction.  At  thi>  placo  tin- 
M  ininal  lilament,  with  pendulous  motions  of  its  caudal  app.-ndage, 

bores  its  way  into  the  egg  (fig.  17  yl, /?).     At  tlu-  >am«-  time  a  tin.- 

lui-inbraiu-  (lig.  71  ('  detach,  s  itself  from  tho  yolk  ovi-r  tin-  whole 
surface,  beginning  at  the  cone,  and  becomes  >eparat«-d  irom  it  by 
an  rvrr-im-ivaMiig  Bpaoe.  The  spac.-  probably  arises  beeaiiae,  in 
consequence  of  fertilisation,  the  rg_  -  and  presses 
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out  fluid  (probably  the  nuclear  fluid  which  was  diffused  after  the 

>!>earance  of  the  germinative  vesicle). 

The  formation  of  a  vitelline  membrane  is  in  so  far  of  great  signi- 
ficance for  the  fertilisation,  as  it  makes  the  penetration  of  another 
male  element  impossible.  No  one  of  the  other  spermatozoa  swing- 
ing to  and  fro  in  the  gelatinous  envelope  is  able  after  that  to  get 
into  the  fertilised  egg. 

The  one  which  has  penetrated  thereupon  undergoes  a  series  of 
changes.  The  contractile  filament  ceases  to  vibrate,  and  soon  di.->- 
appears ;  but  out  of  the  head — which,  as  was  previously  stated,  is 
(Wived  from  the  nucleus  of  a  sperm^cd!  (spermatid),  and  consists  of 
nuclein — there  is  soon  developed  a  very  small  spheroidal  or  oval 

corpuscle,  which  afterwards  becomes 
somewhat  larger,  the  semen-  or 
sperm-nucleus  (fig.  18  sk}.  This 
slowly  moves  deeper  into  the  yolk, 
whereupon  it  exerts  an  influence 
upon  the  surrounding  protof] 
For  the  latter  is  arranged  radially 
around  the  sperm-nucleus  («/• 
that  there  is  formed  a  radiate 
figure,  which  is  at  first  small,  but 
Fig.  20. -Egg  of  a  Sea-urchin  immediately  afterwards  becomes  more  and  more 

after  the  close  of  fertilisation.  Egg-nucleus  11                            j            j 

and  spenn-nucleus  are  fused  to  form  the  Sharply     expressed     and     more 

cleavage-nucleus  (/*),  which  occupies  the  tended. 

centreof  a  i>r--r..].l.iMnic  radiation.  XT 

Now  an  interesting  phenomenon 

begins  to  hold  the  attention  of  the  observer  (figs.  18,  19,  20).  I 
nucleus  and  sperm-nucleus  mutually  attract  each  other,  as  it  were, 
and  migrate  through  the  yolk  toward  each  other  with  increasing 
velocity.  The  sperm-nucleus  (ak),  enveloped  in  its  protoplasmic  radia- 
tion, changes  place  more  rapidly  than  the  egg-nucleus  (ek).  Soon  tin- 
two  meet,  either  in,  or  at  least  near,  the  middle  of  the  egg  (fig.  19) ; 
become  surrounded  by  a  common  radiation,  which  now  ext« 
thn.n-li  t)i».  whole  yolk-substance;  are  firmly  juxtaposed,  and  then 
mutually  flattened  at  the  surface  of  contact;  and  finally  fuse  with 
"ther  (fig.  20/fc)-  The  product  of  their  fusion  is  the  lir,t 
»icleu*  (fk\  which  undergoes  the  further  alterations  leading 
to  cell -divi 

Tlii>  whole  interesting  process  of  fertilisation  has  consumed  in  the 

present  object  of  investigation  the. -h  <>it  timeoi  aLoutten  minutes  only. 

The  phenomena  of  fertilisation  discovered  in  the  Echinoderms  were 
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rved,  either  completely  oral  lea.-t  partially,  in  numerous  ol 

animals  al>o— in  Co  hi. 

<  '\I;N«I\  .  X\<  II  AKIAS,   hovKKi.   l'i. \INKU).   ami    in  Mollu-c-  and    V 

brate>.     A-  regard.-  the  1  ist,  it  lias  been  possible  to  follow  accur.-' 

in  tlu»  case  of  Petromy/.on    t'ie   penet  rat  iun  «-t' 

into  tin-  egg  through  a    ,-prcial   preformed  mieropyle  in  tin-  vitelline 

membrane  (< 'AU;KKI. A.  K  riMTKi:.  UI:M:.  K  i:.  and   B6*Hlf),      Like\\ 

tin-  Anij.hiliia,  proof  ha>  been  brought  forward  that  after  !',-• 

a  >i  n  TIM  -inn-It  -us  i>  formed  at  the  animal  pole,  and  that,  surround.-,!  by 

a  pigmented  area,  derive!  from   the  coitex    of   the   yolk,  it   nmv, 

\\;,rd  anotl'.er  more  deeply  imbedded  nucleus  (c,«:^-nurleu>).  and  fnsefl 

Avith  it  (0.   HKUTWK;,  UAMISKKI:,   BORN).     In  Mammals  the  tVrtilisa- 

tion  takes  place  in  the  beginning  of  the  oviduct.     Evidence  ha>  a  No 

heen  produced   in    their  case  that  after  tin-  liberation  of  the  : 

tells  two  nuclei  are  temporarily  to  be  seen  in  the  egg-cells,  and    I 

unite  in  the  centre  of  the  egg  to  form  the  ch 
(VAN  I;I:M:M:\.  TAT 

Thi>  i-  the  proper  place  in  which  to  mention  briefly  the  so-callel 
micropyle.     In  many  animals  (Arthropods,  Fishes,  etc.)  the  egg- 
enclo>rd  1 « -fore  they  are  fertilised  in  a  thick  firm  envelope,  which 
is  impenetrable  for  spermatozoa.    Now.  in  order  to  make  fertili> 
povMhh'.  there  are  found  in  the>e  casefl  at  a  detinite  place  on  the 
membrane  Sometimes  one,  sometime^  >e\eral.   small  openings  (micro- 
pyle>),  at  which  the   Bpermatozoa   accumulate   in   order  to  glid«'  into 
the  interior  of  the  egg. 

The  egg  of  Nematodes  has  for    several  years    rightly  playe  , 

:tant  role  in  the  literature  of  the  process  of  fertilisation.     But 
this  i>  e>jn-i-ially  true  for  the  egg  of  the  Maw-worm  of  the  Horse 

iris  inegalocephala).  which  VAN  HKNKDKN  has  made  the  su 
of  a  celebrated  monograph.  It  is  an  excellent  ubjtvt,  in  80  tar 
aa  it  not  only  can  be  h  id  for  >tu  ly  everywhere  and  at  all  seasons  of 
fear,  but  al>o  allow-  one  to  follow  -tt-p  by  step,  in  the  most 
accurate  manner,  the  penetration  and  subsequent  fate  of  the  sper- 
mato/oon.  Since,  moreover,  the  proce»  of  fertili>  it  ion  in  A- 

,'licephala  pre>ent>  many  peculiarit ie>  in  it-  d-  •  nde  1 

presentation  of  them  is  lx)th  warranted  and  de>irable. 

Intheca-eof  this\Voi  m.in  which  the.-e.\e>  are  >ep. irate  individ 
there  i>  a  coj  ulation.  and  the  fei  t ili-atioii  of  thecjg  tak«->  place  within 
the  R-xual  pa»ages  of  the  female.     In  one  region,  which  i>  expanded 
into  a  kind  of  uterus,  mature  >permatir  Imdu-s  are  m.-t  with  in  g 
niniibers.      The  aj>pearance  of  these  differ-  greatly  from   that   \\ 
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the  male  seminal  elements  ordinarily  present  in  the  animal  kingdom  : 
for  they  are  apparently  motionless  ;  are  comparable  in  form  to  a  cone, 
a  conical  ball,  or  a  thimble  (fig.  21);  and  consist  in  part  of  a 
granular  substance  (£>),  in  part  of  a  homogeneous  lustrous  substance 
(/),  and  of  a  small  spherical  body  of  nuclear  substance  (k),  which  is 
imbedded  in  the  granular  substance  at  the  base  of  the  cone. 

When  the  small  naked  eggs  enter  into  the  region  designated  as 
uterus,  fertilisation  takes  place  at  once.     One  spermatic  body,  which 
can  execute  feeble  amoeboid  motions  with  its  basal  end  (SCHNEIDER), 
attaches  itself  to  the  surface  of  the  yolk  (fig.  22  sk).     Where  contact 
with   the  egg  first  takes  place,  there  is  formed,  exactly  as  in  the 
noderms,  a   special   cone    of   attraction.     Here  the   spermatic 
body,  without  essential  change  of  form,  gradually 
glides  deeper  into  the  yolk,  until  it  is  completely 
enclosed  therein  (fig.  23). 

While  the  two  sexual  products  are  thus  externally 
fused,  the  egg  itself  is  not  yet  ripe,  because  it  still 
possesses  the  germinative  vesicle  (fig.  22  kb),  bub 

, 

lfc  now  Promptly  begins  to  enter  upon  the  inatura- 
after  VAN  BENE-       tion   stage   by  preparing  to  form  the  polar  cells. 
*,  Nucleus  ;  6,  basa       The  germinative  vesicle,  which  is  of  small  size  in 
•  f  the  cone,  by       the  case  of  the  Maw-  worm  of  the  Horse,  loses  it> 
'         the  egg       sharp  delimitation  from  the  yolk,  moves  toward 


that  surface  of  the  egg  which  is  opposite  to  the 
ibiingfat.          cone  of  attraction  (figs.  23,  24),  and  is  gradually 


converted  into  a  nuclear  spindle  (sp),  the  origin 
•  f  which  may  be  traced  upon  this  object  with  considerable  precision. 
The  most  important  part  of  the  process  consists  in  the  formation, 
out  of  the  chromatic  substance,  of  numerous  short,  rod-like  pieces 
(figs.  23,  24,  c/t),  which  form  directly  the  chromatic  elements  of 
the  spindle,  the  chromosomes  (WALDEYER).  As  in  the  case  of  the 

noderms,  there  then  arise  at  the  surface  of  the  yolk  two  small 
polar  cells  (fig.   25  pz)\    as  in  that  case,  a  vesicular  egg-nucleus 

'25  ei)  arises  from  the  half  of  the  second  polar  spindle  which 

ins  in  the  peripheral  portion  of  the  yolk. 

Meanwhile  the  spermatic  body  has  moved  farther  and  farther 
tioin  the  place  of  its  entrance  into  the  egg  (figs.  22,  23,  sk),  and 
tin:illy  cumes  to  lie  in  the  middle  of  the  yolk  (fig.  24  sk),  approxi- 
mately in  the  position  occupied  by  the  germinative  vesicle  before  its 
n  to  the  surface.  During  this  period  the  spermatic  body 
has  gradually  lost  its  original  form  and  its  sharp  delimitation  ;  out 
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-    illicit- ir    suh-tance.    \\hich     was    desrril >e  1    B 
MainaMe  spherule,  there  ari  «'iilar  nucleus  (li;_r.  :!.">  .<,•/•;,  which 

acquires  the  BUM  siz€  and  condition  a>  the 


Fig.  22.  -  An  egg  of  Ascaris  megalocephala  just  fertilised,  after  v  \ 

nn-itie  IH..IV,   with  nucleus,   which   has  entered  the  egg;  /,  fat-like  substance  of  the 
:u:itit:  body  ;  kb,  germinative  vesicle. 

Fig.  23.     A  stage  of  a  fertilised  egg  of  Ascaris  megalocephala,  somewhat  older  than  that  of 
fig.  22.  ;itVr  VAN  r.r\i:i>F.x. 

rniatic  b:»«ly,  which  lias  penetrated  deejier  into  the  cortex  of  the  yolk  ;  spt  polar  spiinlle 
wliich  luis  arisen  from  the  germinative  vesicle  ;  c/i,  cliromosomes  of  tho 


After  the  rapid  and  continuous  accomplishment  of  these  processes, 
the  egg  of  the  Worm  usually  enters  on  a  longer  or  shorter  p  -riod  of 


-i. 

Fig.  24.  —A  still  older  stage  of  development,  following  that  of  fig.  23.  of  the  egg  of  Ascaris 
megalocephala,  after  H<>VKUI. 

.r  j-piiKll.-,   whii-h  has  asivn.l.-d  to  the  surface  of  the    y(.lk  :    ./,,  •_'   x   4  chromosomes; 

i  ina'if  nn.  |, MIS,  nhicli  lia^  inix'r.ited  int'i  the  uiiiUlle  of  the  egg- 
Fig.   25.— Egg  of  Ascaris  megalocephala  in  preparation  for  the  process  of  cleavage,   after 
K.  VAN  HKNEDEN. 

•  p.ilar  cells    which  liave  arisen  fn-iu  the  polar  -, 

of  the  pi-ocess  of  bu.l.lin-,' :    •-.  -  •-•.:  -nu  I  -us ;  sk,  spermatic  nucleus   already   preparing    to 
divide  ;  ch,  nuclear  loops  or  chromo- 

It  now  presents  (compare  fi<j.   -•">,  which  repre-  -nts  a  stage 
alreatly  further  developed)  at  it>  surface  within  the  viti-lline  mem- 
brane two  polar   cell-  (/-:».  and  in   its  interior  two  large  voA 
nuclei,    the  spermatic  nucleus   (sk)   and   the    eiriMmcleus   (ei),    the 
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latter  of  which  has  come  close  up  to  the  former,  without,  however. 
fusing  with  it.  A  union  of  the  male  and  female  nuclear  substances 
into  a  common  nuclear  figure  takes  place  in  the  case  of  the  Maw- 
worm,  when  the  process  of  egg-cleavage  is  beginning. 

The  processes  of  fertilisation  just  described  can  be  designated  as 
typical  for  the  animal  kingdom.  But  they  appear  to  recur  in  exactly 
the  same  manner  throughout  the  vegetable  kingdom  also,  as  has 
been  shown  by  the  thorough  investigations  of  STRASBURGER.  We 
are  therefore  in  a  better  position  now  than  formerly  to  advance  a 
theory  of  fertilisation  based  upon  an  important  array  of  facts  : — 

In  fertilisation  clearly  demonstrable  morphological  processes  take, 
place.  Of  these  the  important  and  essential  one  is  the  union  of  two 
cell-nuclei  which  have  arisen  from  different  sexual  cells,  a  female  egg- 
nucleus  and  a  male  spermatic  nucleus.  These  contain  the  fructifying 
nuclear  substance,  which  is  an  organised  body  and  comes  into  activity 
as  such  in  fertilisation. 

Recently  the  attempt  has  been  made  to  expand  the  fertilisation 
theory  into  a  theory  of  transmission.  Important  reasons  may  be  urged, 
Spearing  to  indicate  that  the  fructifying  substance  is  at  the 
same  time  the  bearer  of  the  transmissible  peculiarities.  The  female 
nuclear  substance  transmits  the  peculiarities  of  the  mother,  the  male 
nuclear  substance  the  peculiarities  of  the  father,  to  the  nascent  creature. 
Perhaps  there  is  in  this  theory  a  morphological  basis  for  the  fact 
that  offspring  resemble  both  progenitors,  and  in  general  inherit  from 
both  equally  numerous  peculiarities. 

If  we  accept  these  two  theories,  the  nucleus,  which,  despite  its 
constant  presence,  previously  had  to  be  described  as  a  problematic 
.-tructure  of  unknown  significance,  acquires  an  important  role  in  the 
life  of  the  cell.  It  seems  to  be  the  cell's  especial  organ  of  fertilisation 
•ni'l  transmission,  inasmuch  as  there  is  stored  within  it  a  substance 
(idioplasma  of  NAGELI)  which  is  less  subject  to  cell  metastasis. 

hi  connection  with  the  consideration  of  the  process  of  fertilisation 
may  be  permitted  a  slight  digression  to  the  realm  of  patholo^ 
phenomena. 

As  follows  from  numerous  observations  in  both  the  animal  and 
vegC'tuMo  kingdoms,  in  the  normal  course  of  fecundation  only  a  si, 
spermatic  filament  penetrates  into  an  egg,  when  the   encount*  i 
1  (•»•]!>  arc  entirely  healthy.     But  icith  an  impaired  conditi 
the  eyy-cell,  superf elation  by  means  of  two  or  more  seminal  Jilair.ents 
fpolyspermia)  takes  place. 

Superfetation  m  duced  artii'«  i.iil\ .  if  by  way  of  experiment 
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injures    tin*    »i.ru'ivll.      'lhi>    may    be    accomplished    eith'.> 
inur   it    t«  iiiporarily    to    :i    low  r  or    :i    liL'ln-r   t.-n.  ami 

prodiieinir   oold-rigor   or   i  r,    or   i>y   affecting  it    with 

chemical    re:»ir«  nts,— chloroforming  it.   or   treating  i1    with    morj. 

•Imino,  nicot  iiif,    (jiiiiiiiie.   etc.,— or    hv   lining   vio]t-nco   to   it   in  a 

lanical  way,  such  as  shaking  it.     It  is  interest!] 

witli  all  of  t  !»»>••  HUMUS,  tin-  degree  of  superfetation  i<,  to  a  certain 
'.t,  proportional  to  the  derive  of  tin-  injury  :  h  .ample,  a 

Mnall  number  of  spermatozoa  penetrate  into  eggs  which  have 
slightly  affected  with  chloral,  whereas  a  greater  number  penetrate 
those  which  have  l>een  more  strongly  narc  >ti>ed. 

In  all  unfertili>ed  f^irs  the  whole  course  of  development  becomes 
iihnorinal.  But  whether,  as  claimed  in  FOL'S  hypoth.  -i-.  the  origin 
of  double  and  of  multiple  organisms  is  referable  respectively  to  tin- 
penetration  of  two  and  many  spermatozoa,  must  still  be  regarded  as 
•  loubtful.  Certainly  the  question  suggested  richly  deserves  to  be  still 
more  thoroughly  tested  experimentally. 

HISTORY. — The  facts  here  given  concerning  the  theory  of  fecundation  are 

acquisitions   of   very  recent  times.     To  omit  the  older  hypotheses,   it  was 

ally  a-Mimed  up  to  the  year  1*7.1  that  the  spermatozoa  pi-m-irati-  in  great 

numbers  into  the  .-ubManco  of  the  egg,  but  that  they  there  lo-  -.ivity 

and  become  dissolved  in  the  yolk. 

I  succeeded  in  my  study  of  the  eggs  of  Toxopneustes  lividus  in  finding 
an  object  in  which  all  the  internal  phenomena  of  fertilisation  ma. 

uined  with  ease  and  certainty,  and  in  establishing (1)  that  inconsequence 
of  fertilisation  the  head  of  a  spermatic  filament  surrounded  by  a  >t.-ll:itr  figure 
makes  its  appearance  in  the  cortex  of  the  yolk,  and  is  metamorphosed  into  a 
small  corpuscle,  which  I  called  spermatic  nucleus  :  (2)  that  within  ten  m: 

•icleus  and  spermatic  nucleus  copulate;  (.".)  that   normally  fertilisation  i^ 

:::plisl:cd  by   only  a  altn/lf  spermatic   filament,   whereas   in   patholoirieallv 

altei'i  • '-ral  >permatn/.oa  may  penetrate.      I  \\a>   i  li'leatthat 

time  to  announce  the  proposition,  that  fertilisation  depends  upon  the  fusion  of 

ually  differentiated  cell-nuclei. 

A  te\\-  in-  nths  later,  VAN  I '•  i-: NK i > K N  aniioiin'-e*!  that  in  the  case  of  Mammals 
the     seuiiieiitation-iuieleus    arises     from    the    fusion    of    two    nuclei, — as    had 
previously  been  observed  by  Ari:i;i:Acii  and  I'i   iscin.i  inti.e  ,-ase  of  numerous 
i -t her  objects, — and  expressed  the  conjecture  that  <>ne  of  them,  which  1 
first    a    peripheral    position,    mi^ht    in   part    resi;lt    from  the  MibMa 

.1,    \\hich,    in   preat    numbers,  as   he  maintained,  fu>e  and   be 
commingled  with  the  cortical  portion  of  the  yolk.     An  a  ;• 

this  made  by    Fol.,   who   investiirated   with   the    gre  .,;!    the   eggs   of 

Kchinoderm>  at  the  very  moment   of  the  penetration  of  a  spermatic   filament 
into   the   eirir.  and  di-oneivd  th.-  !'..ri'.atiiin  of  a  o  "raction.     S 

then    it    has    been    e>tal>lishe<l  l>y  means  of  numerous   researches  (those   of 

\KA,  KOI..  HI:I:TWK;,  CAI  I;I:KI.A.  K  rrrn:i:.  Nrssi:.\r\i.  VAN 
EBKKTII,    FLKNIMIN-;,   ZACHAUIAS.    r.ovi:i:i.  I'I.ATNKI:,   I'MAN:,  II-IIM,  and 
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others)  that  in  other  objects  also,  and  in  other  branches  of  the  animal  kingdom, 
the  processes  of  fertilisation  take  place  in  essentially  the  same  manner.  At 
the  same  time  the  comprehension  of  the  processes  of  fertilisation  was 
essentially  advanced,  especially  by  the  works  of  VAN  BENEDEN  on  the  egg 
of  Ascaris  megalocephala,  to  which  have  been  added  the  important  investiga- 
tions of  BOVERI  and  others  on  the  same  object.  STEASBUEGER  has  established 
in  a  series  of  excellent  researches  the  identity  of  the  processes  of  fertilisation 
in  the  animal  and  vegetable  kingdoms. 

Finally,  the  phenomena  of  fertilisation  were  utilised  simultaneously  by 
STBASBUEGEE  and  myself  for  the  foundation  of  a  theory  of  heredity,  in  our 
endeavor  to  prove— what  others  (KEBEB,  HA  ECKEL,  HASSE)  had  previously 
expressed  as  a  conjecture — that  the  male  and  the  female  nuclear  substances 
are  the  bearers  of  the  peculiarities  which  are  transmitted  from  parent  to 
offspring.  K6LLIKEB,  Roux,  BAMBEKE,  WEISMANN,  VAN  BENEDEN,  BOVEEI, 
and  others  have  since  expressed  themselves  in  a  similar  manner. 


SUMMARY. 

1.  At  maturation  the  germinative  vesicle  gradually  rises  to  the 
animal  pole  of  the  egg,  and  thereby  undergoes  a  regressive  meta- 
morphosis (degeneration  of  the  nuclear  membrane  and  the  fibrous 
network,  mingling  of  the  nuclear  fluid — Kernsaft — with  the  proto- 
plasm). 

2.  A  nuclear  spindle  (polar  spindle  or   direction-spindle)   is  de- 
veloped out  of  remnants   of   the   germinative  vesicle,   principally, 
indeed,  out  of  the  substance  of  the  germinative  dot,  which  breaks 
up  into  chromosomes. 

3.  At  the  place  where  the  spindle  encounters  the  surface  of  tin- 
yolk  with  one  of  its  ends,  there  are  formed  two  polar  cells  or  direction- 
bodies  (Richtungskorper)  by  means  of  a  process  of  budding,  which  is 
repeat  »•«!. 

4.  At  the  second  budding,  half  of  the  nuclear  spindle  remains  in 
the  cortex  of  the  yolk,  and  is  metamorphosed  into  the  egg-nucleus. 
The  egg  is  then  ripe. 

5.  In  the  case  of  eggs  which  develop  parthenogenetically  (Arthro- 
poda),  ordinarily  only  one  polar  ceil  is  formed. 

G.  At  fertilisation  only  a  single  spermatozoon  penetrates  a  souml 
«gg  (formation  of  a  cone  d'attraction,  detachment  of  a  vittlline  mem- 
l»iane). 

7.  The  head  of  the  spermatozoon  is  converted  into  the  spermatic 
nucleus,  around  which  the  neighbouring  protopla  id*  s  are 

8.  Egg-nucleus  and  spermatic  nucleus  migrate  toward  each  other, 
nnd  in  most  instances  immediately  fuse  to  form  the  segmentation- 
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in  many  ol.j.  rt>  iln-\   r-main  \»r  a    0  Me  thin-    : 

•  ilnT.  Imt  not  unit.  il.  ami  only  l;,i«-r  an   tog   t  IP  r  ini-taiMMrj.1, 

.•niation  >i>imlle. 

9.   Jn  >oim-  animals   ft  rt  ili>at  i.»n  of   tin-   «  Lr.uf  tak»  s  plan-  only  .: 
Ktion  of  its  maturation,  but  in  otln  i>  it    i-  in.-m_  •  tin- 

beginning  of  maturation,  so  that  tin-  two  phenomena  overlap 
tai-h  other. 

lt>.  FertiUtation  tfaory.      !•'«  rtilisalion  di-jM-mls  on  tin-  emulation 
CVO  Cell-nuclei,  which    arc   tlniv.d   from  a  maliM-,-11    and 


11.  Theory  of  heredity  .    The  male  and  tVinali-  nud.  ar 

C  >ntainrcl   in   tin-    SJM  rmatio    nucleus    and    tli-  cleufl    an-    tin- 

l-.-ai-rrs  of  tin-  ni  culiai  Hies  which  are  transmi>>ibl,-  fium  p.u-.'iits  to 
til-  ir  otl'spring. 
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CHAPTER   III. 
THE  PROCESS  OF  CLBA  \'\<;r.. 

FERTILISATION  is  in  most  instances  immediately  follmvo<l  l»v  further 
development,  which  begins  with  the  division  of  the  ci:^  cell— the 
Minplf  I'liMiK-ntnry  orgnnism — into  an  ever-iiiciv.-isiii^  nuiiihcr  of 
small  cells — the  process  of  cleavage.  We  shall  Iv-in  the  >tudyof 
cleavaire  with  a  very  simple  case,  and  here  also  choose  as  a  foundati<  n 
for  the  presentation  of  the  suhjtct  the  e^  <>f  an  KchinMuVnn  and 
the  vg^  of  the  common  Ascaris  of  the  1 1 

In  the  living  ei.rtf  of  the  Echinoderm  the  deftvage-niioleua  (!iir.  L'») 
//:),  \\hich  arose  from  the  fusion  of  egg-nucleus  ami  >jennatic 
nucleus,  is  at  tir^t  spheroidal,  and  lie>  exactly  in  the  middle  of  the 
\\hero  it  forms  the  centre  of  a  radiation  which  a  fleets  the 
whole  yolk-mass;  but  it  soon  begins  to  be  slightly  elongate.',  and 
at  the  >amo  time  to  become  less  and  le.-s  distinct,  -oth.-it  \\itl;  the 
living  object  one  might  be  milled  into  asMiming  that  it  had  heen 
rompleU'ly  di->..lvrd.  IJefore  thi<.  76TJ  regular  ehangea  in  the  dis- 
tribution and  arrangement  of  the  piotopla>m  around  the  nucleus 
have  taken  place.  The  mODOOentrio  I'adiation  resulting  from  fer- 
tilisation is  dixi.lel.  The  two  i  rwly  t'orm..!  ra,  li.it  i  -iipon 
move  to  the  poke  Of  the  i-longitel  uu  lens.  At  fir.-t  Miiall  and  in- 
significant, they  rapidly  ••\te:. d,  ami  finally  each  oeeiipies  a  half  of 
the  egg  (tig.  L'7).  and  the  rays  of  the  two  >ysteii.-  I  a  .sharp 
angle  in  the  median  plane  of  the 

Jn>t  in  proportion  as  the  two  radiations  become  more  di>'.inct, 
there  arises,  within  the  granular  yolk,  a>  the  omt 
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centre  of  the  radiations,  a  figure,  which  may  be  appropriately  com- 
pared (fig.  27)  with  a  dumb-bell.  It  arises  by  the  accumulation  of  a 
large  amount  of  homogeneous  protoplasm  around  the  poles  of  the 
elongating  nucleus,  forming  the  two  ends  of  the  dumb-bell;  the 
poles  may  be  regarded  as  if  they  were  two  centres  of  attraction. 
The  non-granular  streak,  representing  the  handle  of  the  dumb-bell. 
is  the  nucleus,  which  has  meanwhile  undergone  a  peculiar  metamor- 
phosis and  has  become  indistinct. 

A  more  accurate  knowledge  of  the  nuclear  metamorphosis  may  be 
got  by  employing  suitable  reagents  and  dyes.  By  means  of  inter- 
mediate stages,  which  may  be  disregarded  here,  there  arisas  out  of 


Fig.  26. 


Fig.  27. 


Fig.  26.— Egg  of  a  Sea-urchin  immediately  after  the  conclusion  of  fertilisation,    ft,  Cleavage- 
nucleus. 

I*if .  27.— Egg  of  a  Sea-urchin  in  preparation  for  division.     The  nucleus  is  no  longer  to  be  seen  ; 

there  hat  arisen  in  its  place  a  dumb-bell  figure. 
Both  figures  are  drawn  from  the  living  object. 

the  vesicular   nucleus  the  nuclear  spindle  (fig.   31  B),  which  is  a 
typical   structure  for   cell-division   throughout   the   organic   world. 
Tli  is  (sp)  consists  of  two  substances,  both  of  which,  in  my  opinion, 
are  derived  from  the  quiescent  condition  of  the  nucleus — namely, 
(1)  of  a  non-diromatic  substance,  which  does  not  show  affinity  for  any 
dyes,  and  (2)  of  the  stainable  nuclein  or  cliromatin.    The  non-chromatic 
>u Instance  forms  extraordinarily  fine,  and  therefore  at  times  scarcely 
•  niihle,  "spindle-fibres"  which  are  united   into   a  bundle,   and 
^m-  i  IM-  to  u  spindle  by  the  convergence  of  their  ends  to  points.    Tho 
<>at  in,  on  the  contrary,  has  assumed  the  form  of  small  individual 
granules   or   chromosomes,  which   correspond    in    number  with   the 
i  If -fibres,  and  are  so  arranged   that   each   granule   adjoins   a 
He-fibre  at  it>  middle  point.     In  its  totality,  therefore,  it  con- 
stitutes at  the  middle  of  the  spindle  a  plate  composed  of  individual 
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granules  -tin-  '  which  in  (In 

of  tin-  Sea-urchin  ordinarily  app-  chromatic  granule  Lf  found. 

upon    the     employment    of    the     hk'heM     magnifying     l>o\\> 

•ially  in    the   study  of  objects  i  liur.    -^  d)    tir>iv   -uitable    for  thi> 
purjo-e.      to  he  a  small  V  shaped  loop.      Tin*  number  of  tip 
chromosomes   appears  to  be  very  definite,  and  subjeet  to  law  for  each 
gpeciea  of  animal. 

At  the  tips  of  the  gpindle  there  maybe  demonstrated,  in  addi- 
tion, two  special  and  exceedingly  niinut<>  hodie>.  one  of  which 
occupir.-  the  exact  centre  of  each  of  the  two  previously  im-nt' 

ins  of  rays  :   they  are,  in  fact,  to  be  regarded  as  the  cau-e  of  the 


Fig.  28.  —  Liagram  of  nuclear  division,  afu-i  H  \m.. 

redone  sees  th.-  .-pi  ml  If,  composed  of  ilflir.it  f  ii"ii-riir<nii:iu<-  tii 

ra«l;  up.-  aiul  tin-  i-hriiii!  :t.-  mitlilK-.     The  splitting  of  tin- til  i- 

of  the  latter  h.xs  ;ilr<-;uly  t.ik.-n  pl.-i.v.      In  tiv'uif  H  tli--  ,l;nu-litfi-l.«ip.-  :  i  the 

.11  h  ivf  iiiuv.l  ,-ipirt  in  ...  •  ,,ns.     In  ri-m-f ''tlif\  bflgia  to 

in  a  regular  in;uiiif  r  into  two  groups  of  loops.     In  figure  D  the  groups  of  l>a  lie 

near  the  two  poles  <.f  tin-  .-pnulle. 

latter.      Inasmuch  as  during  the  elongation  of  the  nucleus  tlu-\ 

to  be  found  at  each  of  its  two  pole>.  they  may   he  especially  de>i;_rnated 

as  i>t,l,i,'  r,,,-jinscles  [or  centrosomes\.  During  th»»  whole  process  of  the 
division  of  nucleus  and  cell-body,  it  apj  c.-ir--  as  though  a  directing 
influence  belongs  to  the  two  polar  corpu-de>. 

Important  changes  in  the  nuclear  loops  of  the  .-j. indie  take  place 
during  later  stages  of  the  process  of  division.  Kach  loop  is  split 
lengthwise  into  two  <A///</  i  (fig.  28  A),  as  di>CM\ered  by 

l'i  r.MMiXij  and  as  confirmed  since  then   by   numerous  other  in 
gators  (STRASBUIIGER,   HEVSKK.    VAN    I:I:\IPI:N.    \l\\\\..   and  others). 
The>e   (laughter-loops   so<.n   move   apart    toward   the   oppo>ite  end>  of 
the  spindle  (tigs.  28  Ji,  C]  see  also  the  explanat  ion  of  the  figures),  and 
approach  very  closely  to  the  polar  corpuscle-  at  their  tips  (tiir.  2£ 

Thus  by  a  complicated  process  a  division  of  the  stainahle  i; 
substance  into  similar  halves  is  brought  about.     As  the  immediate 
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consequence  of  this  the  protoplasmic  parts  of  the  cell  also  begin  at 
tli  is  time  to  be  divided  into  halves  by  means  of  the  process  of  cleavage, 
which  is  already  recognisable  externally.  There  is  formed  at  the 
surface  of  the  egg  (fig.  29  A),  in  a  plane  passing  between  the  two 
groups  of  loops  through  the  middle  of  the  spindle  perpendicular 
to  its  long  axis,  a  circular  furrow,  which  rapidly  cuts  deeper  and 
deeper  into  the  substance  of  the  egg,  and  in  a  short  time  divides 
it  into  two  equal  parts.  Each  of  these  contains  half  of  the  spindle 


fig.  29  A.     Egg  of  a  Sea-urchin  at  the  moment  of  division. 

ilar  funow  cuts  into  the  yolk  and  halves  it  in  a  plane  which  is  perpendicular  to  the 
middle  of  the  nuclear  axis  and  to  the  long  axis  of  the  dumb-bell. 

B     Egg  of  a  Sea-urchin  after  its  division  into  two  cells. 

In  each  resultant  of  the  division  a  vesicular  daughter-nucleus  has  arisen.    The  radial  arrange- 
ment of  the  protoplasm  begins  to  become  indistinct. 
L'oth  figure*  are  drawn  from  the  living  object. 

with  half  of  the  loops,  half  of  the  dumb-bell,  and  a  protoplasmic 
radiation. 

The  resulting  halves  of  the  egg,  still  surrounded  in  common  by  the 
viti-lline  membrane,  then  closely  apply  to  each  other  the  surfaces 
resulting  from  the  division,  and  become  so  flattened  that  each  one  of 
them  forms  approximately  a  hemisphere  (fig.  20  B).  Internally, 
however,  nucleus  and  protoplasm  enter  upon  a  brief  transitory  resting 
stage.  Th« •!•«•  i-  developed  out  of  the  half  of  the  nuclear  spindle 
with  its  daughter-loops  a  vesicular  homogeneous  daughter-nucleus 
lik«-  the  first,  but  in  the  protoplasm  the  radial  arrangement  becomes 
ud  less  distinct  and  at  last  entirely  disappears. 

The  egg  of  the  common  Maw- worm  of  the  Horse  is  also  a  very 

ictive  object  for  the  study  of  the  process  of  cleavage,  as  it  was 

for  the  study  of  fertilisation,  for  it  allows  a  still  deeper  insight  into 

thi>  process.     As  has  already  been  stated,  the  egg-nucleus  and  the 
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spei  malic  nucleus  remain  lor   a    lime   separate,  e\eii    after   t  hey 

approached  each  other,     After  a  bri.f  period  ,,f  res?   h..th  of  them 
be'_'in  to  exhibit  ramultaneously  the  changi  s  which  precede  th. 
mation  of  the  nuclear  spindle.     In  each  the  chromatic  >un>i:mce  is 

metamorphosed    into    a    line    thread,    which    i.s   ananged    \\ithin    tin- 
nuclear  membrane  io    numerous   windings.       Kadi    filament    Kftl 
upon   divided   into   two  equally    large  coiled   loops,  the    chromosomes 
(tig.    '_'.")    fit}.      Now    the   t  wo  vesicular   nuclei    lo-e   tlnir   d.-limitat  ion 
from  the  Surrounding  yolk,  in  which   there  ari-i-  at    a  little  «li>! 
from  i-ach  other  two  polar  corp  i>  -les  [centres  i  rounded 

in  of  rays,  which  is  at  first  taint,  hut  sultM-tjucntly  becomes 
more  distinct.  Between  the  two  centrosomes,  the  method  of  whose 
development  no  one  has  a-  ye1  -mvee.le  1  in  observing,  there  are 
formed  spindle-fibres,  and  the  four  loops  (chromosomes),  -et  free  by 

the  dissolution  of  the  two  nuclear  membranes,  so  arrange   t  hem- 
that  they  He  upon  the  outside  of  the  snindle  at  its  einia 

In  the  case  of  the  r^«r  of  the  Maw  worm,  then-tore,  the  union  of  tin- 
two  >;-\ual  nuclei,  which  terminates  the  act  of  tert  ilis  it  ion.  take- 
place  only  at  the  time  of  the  metamorphosis  to  form  the  dea. 
spindle,  in  which  metamorphosis  they  take  an  eipial  >haiv.  In  conse- 
quence of  this  remarkable  deviation  from  the  ordinary  course  of  the 
process  of  fertilisation.  \AN  |'.!:\I.DI:\  has  been  able  to  establish  the 
interesting  and  important  fact  that  half  of  the  chron,  •:  t  he 

lii->t  cleavage  spindle  are  derived  from  the  egg-nucleus,  and  half  from 
the  spermatic  nucleus,  and  that  consequent ly  they  mav  be  di>tin- 
guishedas  female  and  mal  •  chromosomes.  Since  in  this  in-t  ance.  ju>t 
as  in  nuclear  division  ordinarily,  the  four  loops  are  split  length ui>e 
and  then  moveapirt  toward  the  two  polar  corpuscle-  mes), 

there  an*  formed  two  groups  of  four   daughter-loopj  each,   of  which 
two  are  of  male  origin  and  two  of  female.     Each  group  i>  then  n 
morphoM-d   into   the   qniesc.-nt    nucleus  of    the  ilaught«-r-ci'll.      This 
furnishes   incontestable  proof,  that    l<>  inch   <l«n<jl<t 

<>/  tlt>  »•./•/,  //•///.://    (irises  as  tltc  r<s»lf  ,,/  //,,>  jirxt  <•'• 

th>  "int    of  C/ifan,  :L   (/„> 

_  ?/<>   *j)>-rntnti<- 

The   first  division   is  followed    after  a   brief  period  «  f   n-t    by  the 
second,  this  by  the  third,  the  fourth,  etc.,  during  which  are  repeated 
the  same  series  of  changes  in  nucleus   and    protoplasm  th  it  haM- 
been  described.     Thus   in   quick  finl    daughter-cdls 

are  divided  into  4,  thes-  into  8,  1C,  3'?,  64,  etc.  (tig.  30),  until 
there  has  resulted  a  large  spheroid  il  mass,  which  ha<  received  the 
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name  morula  or  mulberry -sphere,  because  the  cells  protrude  as  small 
elevations  at  its  surface. 

During  the  second  and  third  stages  of  cleavage  there  is  easily 
recognisable  a  rigidly  observed  order  in  the  direction  which  the  planes 
of  cleavage  sustain  to  each  other.  The  second  plane  of  cleavage  always 
halves  the  first  and  cuts  it  perpendicularly  ;  the  third  plane,  again,  is 
perpendicular  to  the  first  two,  and  passes  through  the  middle  of  the 
axis  formed  by  their  intersection.  If  one  regards  the  ends  of  this 
axis  as  the  poles  of  the  egg,  the  first  two  planes  of  division  may  bo 
designated  as  meridional,  the  third  as  equatorial. 

This  uniformity  is  caused  by  the  mutual  relation  which  subsists 
between  nucleus  and  protoplasm,  in  which  connection  the  two  follow- 
ing laws  are  to  be  noted  :  (1)  The  plane  of  division  always  cuts  the 
axis  of  the  spindle  perpendicularly  at  its  centre.  (2)  The  position  of 


Fig.  30.— Various  stages  of  the  process  of  cleavage,  after  GEGENBAUR. 

the  axis  of  the  nuclear  spindle  in  turn  depends  on  the  form  and  differ- 
entiation of  the  protoplasmic  body  which  envelops  it,  and  in  such  a 
manner  ttiat  the  two  poles  of  the  nucleus  take  the  direction  of  the  greatest 
protoplasmic  masses.  Thus,  for  example,  in  a  sphere  in  which  the 
protoplasm  i>  uniformly  distributed,  the  centrally  situated  spindle 
come  to  lie  in  any  radius ;  but  in  an  ovoid  protoplasmic  body, 
only  in  the  longest  diameter.  In  a  circular  protoplasmic  disc  the 
iiud.  ar  axis  lies  parallel  to  its  surface  in  any  diameter  whatever  of 
the  circle,  but  in  an  oval  disc,  as  before,  in  the  longest  diameter 
only. 

Let  us  return  now,  after  these  general  remarks,  to  the  case  under 
consi.l.-iati.  n.  Each  daughter-cell  forms  at  the  close  of  the  first  seg- 
mentation a  hemisphere.  According  to  the  rule,  the  daughter-spindle 
no  a  position  perpendicular  to  the  flat  surface  of  the 
hemisphere,  but  must  lie  parallel  to  it,  so  that  a  division  into  two 
quadrants  must  ie*ult.  At  the  next  segmentation  the  axis  of  tin- 
spindle  must  coincide  with  the  long  axis  of  the  quadrant,  whereby 
tin-  Usninr>  <livi<l<><l  into  two  octants. 


."• , 

I'l  -•  .  .1110   important    drviati  >ns  fnm    t  ln«  pm-vss  of  tliv: 

jti>t  dr.-i-rihod,  \\  hie  li  atle.-t  t  hi-  form  of  t  he  «•!   WBgt  pr.  dud    ,  ftll  : 
l«'a\ing   unaltered    the  tiiicr   prOOeflSeS    M-lrttini:    to  tin-    nucleii-.      The 
de\  iations   aie    induced,  OS  \\6  shall    :-how  more  in    detail   in   the  in 
dividual  ea>e>,  by  tin-  variation  in  t  he  amount  of  drut«>pla>m  emit  ained 
in  tin-  eggS,  and  l>y  tin-  pie\  i<>u-ly  desci  il>"d  varial>ility  in  its  di-tribu- 
tit. n.      One  may  appropriately  separate  the   various  torm-  ct    tin* 
prOOeeB   «>f    i-lea/airr   into   two   ( -l.-i-x-s.  and    cadi    rla>s  into  t\\o   >uh 
<-la»f>.  although   tin-  forms  merge  into  one  another  by  m-a: 
transitional  condition.-. 

To   tin-    !ir>t    c-la.-s    \\e    as>i_i:n    >i;ch    • 

into  x,,jinent8  by  the  process  of  cleavage.  The  cli-axau''1  it>elf  we 
as  total;  and  according  as  t  he  Moments  are  <»f  e.jual  or  un- 
-i/.»\  we  distinguish  as  .siihdivisinns  ^jmd  cleavage  and  wwqtuU 
rlea\ 

With  total  is  contracted  ^n-t'ml  oUavagA  This  occurs  in  the 
\vhii-h  ai-e  provided  with  \  ery  ahnndant  deutoplasin, 
and  are  consequently  of  considerable  six-.-,  and  in  which,  at  the  E 
timo,  the  previously  described  separation  into  formative  yolk  and 
nutritive  yolk  has  boon  distinctly  e>t ahlishcd.  In  this  case  th< 
mative  yolk  alone  undergoes  a  process  of  cleavage,  whereas  the  chief 
ma>s  of  the  egg,  the  nutritive  yolk,  remains  undivided,  and  in  general 
unatleeted,  hy  the  processes  of  embryonic  development;  hence  the 
name  partial  cl>'>tv(t</e.  This,  in  turn,  is  resolvable  into  tho  two  >uh- 
types  of  discoidal  and  .v///«:/v/oV  fAw/v///.-,  accordini:  as  the  forma- 
tive yolk  rests  as  a  disc  upon  the  nutritive  yolk,  or  envelops  tin- 
latter  as  a  thick  cortical  layer.  REMAK  has  designated  eggs  with 
total  segmentation  as  kolobhutic,  those  with  partial  s?gmi-i.' 

\\'e  may  therefore  present  the  following  scheme  «>f  cleavage:  — 

i.  TYW 

Total  cleavage :  \ 

(a)  Equal  cleavage  HoU>i>l;istic  cgga, 

(i)  Unequal  cleavage          J 
II.  TYI-K— 

Partial  cleavage:  \ 

(n)  l>ix'oi<lal  rlravage  M-Tol -hustle  eggs. 

(/>)  Superficial  cleavage      J 

Ia-  Equal  Cleavage. 

In  the  general  consideration  of  tie  process  of  cleavage  we  have 
already  become  acquainted  with  the  phenomena  of  equal  >egmenta- 
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tion.  It  remains  to  be  added  to  what  has  been  previously  said,  that 
tliis  type  is  most  frequent  in  the  case  of  Invertebrates,  and  is  to  be 
encountered  among  Vertebrates  only  in  the  cases  of  Amphioxus  and 
Mamoaals.  With  the  latter,  however,  there  early  appears  a  slight 
difference  in  the  size  of  the  segments ;  this  has  induced  many 
investigators  to  designate  the  cleavage  of  Amphioxus  and  Mammals 
as  unequal  also.  If  I  have  not  followed  this  suggestion,  it  is 
because  the  differences  are  of  a  trivial  nature,  because  the  nucleus 
in  the  egg-cell  and  also  in  its  segments  still  occupies  a  central 
position,  and  because  the  different  methods  of  cleavage  are  in 
general  not  sharply  definable,  but  connected  by  transitional  con- 
ditions. 

Concerning  Amphioxus,  HATSCHEK  states  that  at  the  eight-cell  stage 
four  smaller  and  four  larger  cell  are  to  be  distinguished,  and  that 
from  that  time  forward  in  all  the  subsequent  stages  there  is  to  be 
observed  a  difference  in  size,  and  that  the  process  of  cleavage  takes 
place  in  a  manner  similar  to  that  which  will  be  subsequently 
described  for  the  Frog's  egg.  The  egg  of  the  Rabbit,  concerning 
\\hicli  we  hive  the  painstaking  investigations  of  VAN  BENEDEX, 
divides  at  the  very  outset  into  two  segments  of  slightly  different 
size  ;  moreover,  from  the  third  stage  of  division  onward  there  occurs 
a  difference  in  the  rapidity  with  which  the  divisions  follow  each 
other  in  the  different  segments.  After  the  four  cleavage- spheres 
have  been  divided  into  eight,  there  is  a  stage  with  twelve  spin 
this  is  followed  by  another  with  sixteen,  and  afterwards  another  with 
twenty-four. 

P-  Unequal  Cleavage. 

As  a  basis  for  the  description  of  unequal  cleavage  we  may  employ 
the  Amphibian  egg,  the  structure  of  which  has  already  been  con- 
sidered. As  soon  as  the  egg  of  the  Frog  or  Triton  is  deposited  in 
the  water  and  is  fertilised,  and  while  the  gelatinous  envelope  is 
swelling  uj),  its  black  pigmented  hemisphere  or  animal  half  becomes 
directed  upward,  because  it  contains  more  protoplasm  and  small 
yolk-spherules,  and  is  specifically  lighter.  The  want  of  uniformity 
in  the  distribution  of  the  various  components  of  the  yolk  also  induces 
an  altered  position  of  the  segmentation-nucleus.  Whereas  the  latter 
assumes  a  central  position  in  all  cases  in  which  the  deutoplasm  is 
m.ifoinily  «li>tributed,  it  invariably  alters  its  location  whenever 
one  half  of  the  egg  is  richer  in  deutoplasm  and  the  other  richer  in 
i.lasm;  it  then  migrates  into  the  more  protoplasmic  territory. 
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In    tl  T   the    l-'i.-L''-  'illy,  we  find  it  in  tin-  i 

|  i-mented  hemisphere.  \vliidi  i>  turn  d  upuard. 

When    iti  tliis   c:t>e  tin-   nucleus  prepaie>    to  divide,  i'-  Q  no 

longer  a»;ime  tin-  position  of  any  and  every  ladius  of  the  egg.  In 
con.-etpicnci'  of  tin-  \vant  of  uniformity  in  tin-  di-t  riluit  ion  «  f  the 

protoplasm.     the      lUK-leUS     collies     Ulld'-r     the     illlliK  'lie     111   >le 

protoj  lasmic  pigmented  part,  \\liich  nsfs  on  the  more  deutopl.ismic 
I"  ii  'On  like  an  inverted  cup,  and.  on  a<  count  of  its  less  >|.ecitic 
•:i:i\i!y.  floats  at  tlie  suiface.  and  is  sjnvail  out  liori/.ontally.  lint 
in  a  in  ri/on<al  j)rot(.[)lasmic  disc  tlie  nuclear  spindle  comes  to  OC'Ciij.y 
a  lioi-i/.cnial  position  (liir.  '51  -'  -vy).  Cousequently  the  plane  of 
division  must  be  formed  in  a  vertical  direction.  A  small  furrow  now 


x^V^X 
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^  I          ' 


Tig.  31.— Diagram  of  the  division  of  the  Frog's  egg. 

6 of  tlif  tir-t  di\  i.-inM.      />.  St.u-i1  «f  tin-  third  division.     Tin-  fmir  x-iiint-nt .•>  »f  the  second 
f  division  :uv  l».--iiiiiiM','  I"   \n-  dividrd  l>y  an  «-t[U.it"i  i.tl  furmw  int<>  ri-ht  seginenU. 
M'  <"4-  at  tin-  animal  \»>\<.-  :  /•'•  ''"'  l';ilt  "''  ''"  '  -'-'  "hich  is  riclier 
in  j)rut<>iilas;ii  ;  </.  tin-  i>art  «lii^li  is  riilicr  in  d«-ir  -.dlo. 

>how  itself — at  the  animal   pole  lir>t,  l.e,-au-e  the  latter  ix 
more   under  the  inllucnce  of  the  nuclear  spindle,  which   li« 
to  it,  and  l.eciiive  it  contains  more  protoplasm,  from  which   proceed 
the    i-heii(  meiia    (f   motion    during    division.      The   furrow   gradually 
deepens  downward,  and  cuts  thn.uiji  to  the  vegetative  pole. 

I'.y  the  fii:-t  act  of  division  we  get  two  heii;i>phe:  _'-),  (  ach 

«  f  \\  liich  is  composed  of  a  ijuatlrant  richc-r  in  protopla>in  and  directed 
upward,  and  another  poorer  in  protopla>m  and  diiec'el  ilownwaid. 
By  this  meailS  both  the  position  (  f  the  nucleus  and  the  direct  ii  »n  of 
its  a\i>  are  again  determined,  when  it  prepares  for  the  second 
division.  A<  cording  to  the  rule  previously  laid  tlown,  the  inu-leii-  i^ 
to  he  .souglit  in  the  quadrant  which  i  oiitains  the  more  protopla 
the  axis  if  the  spindle  mot  take  a  petition  parallel  to  the  lon.i: 
axi»  of  the  (juadrant,  and  must  therefore  come  to  lie  horizontally 
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The  second  plane  of  division  is  consequently,  like  the  first,  vertical, 
and  cuts  the  latter  at  right  angles. 

After  the  conclusion  of  the  second  segmentation  the  Amphibin. 
egg  consists  of  four  quadrants  (fig.  32  4),  which  are  separated  from 
one  another  by  vertical  planes  of  division  and  possess  two  dissimilar 
poles, — one  richer  in  protoplasm,  lighter,  and  directed  upwards;  the 
other  richer  in  yolk,  heavier,  and  directed  downwards.  In  the  case  of 
equal  segmentation  we  saw  that  at  the  stage  of  the  third  segmentation 
the  axis  of  the  nuclear  spindle  becomes  parallel  to  the  long  axis  of 
the  quadrant.  The  same  thing  occurs  here  also,  although  in  a  some- 
what modified  manner.  On  account  of  the  greater  accumulation  of 
protoplasm  in  the  upper  half  of  the  quadrant,  the  spindle  cannot,  as 


fig.  32. — Cleavage  of  Ran  a  temporaria,  after  ECKER. 

The  numbers  placed  above  the  figures  indicate  the  number  of  segments  present  in  the  corro- 
ponding  stage. 

in  the  case  of  equal  segmentation,  lie  in  the  middle  of  it,  but  must 
lie  nearer  to  the  animal  pole  of  the  egg  (fig.  31  B  sp).  Moreover,  it 
is  exactly  vertical,  because  the  four  quadrants  of  the  Amphibian  egg 
are  definitely  oriented  in  space  on  account  of  the  difference  in  specidc 
gravity  of  their  halves.  In  consequence  of  this  the  third  plane 
of  division  must  be  horizontal,  and  must  also  lie  above  the  equator  of 
the  egg-sphere  more  or  less  toward  its  animal  pole  (fig.  32 8).  The 
segments  are  very  unlike  both  in  size  and  composition;  and  thi>  i- 
the  reason  why  this  form  of  segmentation  has  been  called  unequal. 
The  four  upper  segments  are  smaller  and  contain  less  yolk,  the  four 
lower  ones  are  much  larger  and  richer  in  yolk.  They  are  also 
«li>tinguished  from  each  other  as  animal  cells  and  vegetative  cells, 
according  to  the  poles  near  which  they  lie. 

In  the  course  «\   tiutlin-  development,  the  distinction  between 
animal  and  vegetative  cells  constantly  increases,  for  the  richer  the 
an-  in  protoplasm  the  more  quickly  and  the  more  frequently 
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do  they  divide.     At  tin-  fourth  stair.-  th«-    t  up|.  r  ft  gm«  Tits  are  first 
divided    hvvTtical    furrows  into    8,  and    then   after  an    int-rval   th>- 
4  lower  ones  ar  •  divid  d  in  tin-  same  mann-T.  so  tliat  the  egg  is 
..s.d   of   eight    smaller  and  (  ight   larger  cells   (tig.  32  16).      A 
a  short   resting  stage  the  eight  upp.-r  segments  are  again  divid.  d.  t  his 
time  by  a  horizontal  furrow,  and  somewhat  later  a  similar  furrow 
divides   the    eight  lower  segments  also   (fig.  32 32).     In   the   same 
manner  tin-  '.\'2  segnn  nts  are  divided  into  64   (fig.   3264).     In   th 
stages  which  follow  this,  the  divisions  in  the  animal  half  of  the  egg 
are  still  more  accelerated  relatively  to  those  of  the  vegetative  half. 
While   tli"  .'>2  animal  cells  are  divided  into  128  segments  by  two 
divisions    which    follow   each  other  in  quick  succession,    there   are 
still   found  in  the  lower  half  only  32   cells  which    are    preparing 
for  cleavage.     It  thus  comes  to  pass  that,  as  the  final  result  of  the 
process  of  cleavage,  there  exists  a  spheroidal  mass  of  cells  with  en? 

•nilar  halves, — an  upper,  animal  half  with  small,  pigmented 
o  11s,  and  a  vegetative  half  with  larger,  clear  cells,  containing  more 
abundant  yolk. 

From  the  nature  of  the  progress  of  unequal  cleavage,  as  well  as 
from  a  series  cf  other  phenomena,  one  may  lay  down  a  general  law, 
first  formulated  by  BALFOUR,  that  the  rapidity  of  cleavage  is  pro- 
i .•  >i-t tonal  to  tlie  concentration  of  protoplasm  in  the  segment.  ' 
which  are  rich  in  protoplasm  divide  more  rapidly  than  those  in  which 
protoplasm  is  more  scanty  and  deutoplasm  more  abundant. 

A-  \ve  have  seen,  the  Frog's  egg,  by  reason  of  the  difference  in 
specific  gravity  between  its  animal  and  vegetative  halves,  by  r- 
of  the  heterogeneous  pigmentation  of  its  surface,  by  reason  of  the 
une  jual  distribution  of  protoplasm  and  deutoplasm,  and  by  reason  or 
the  eccentric  position  of  its  nucleus,  allows  us  to  pass  fixed  and  easily 
determi nable  axes  through  its  spherical  body.  On  this  account  it  is 
an  especially  favourable  object  upon  which  to  determine  the  question 
win-tiler  the  egg  allows  one  to  recognise  in  the  position  of  its  ; 
even  before  fertilisation,  immediately  after  the  same,  and  during  the 
process  of  cleavage,  fixed  relations  to  the  organs  of  the  fully  developed 
organism.  This  (juestion  has  been  tested  by  means  of  ingenious 
exp  riment>.  especially  by  PFLUEOKR  and  Uorx.  by  the  latter  in  his 
"Beitrageiur  EntwicktangBmeehanik  das  Ivnbryo." 

These  ha\e  resulted  in  determining  that  the  tirst  cleavage  plane  of 
the  egg  corresponds  to  the  median  plane  ..f  the  emhry<>.  BO  that  it- 
separates  the  material  of  the  right  half  of  th"  body  from  that  of  the 
left.  Secondly,  according  to  Km  x.  th.-  p  -.he  head-  and  tail- 
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ends  of  the  embryo  may  be  determined  in  the  fertilised  egg.  That 
half  of  the  egg,  namely,  through  which  the  spermatic  nucleus 
migrates  to  reach  the  egg-nucleus,  becomes  the  tail-end  of  the 
embryo ;  the  opposite  half  becomes  the  head-end.  Every  egg, 
however,  can  be  fertilised  in  any  meridian  whatever,  as  was  demon- 
strable experimentally,  and  thereby  the  tail  end  of  the  embryo  may 
be  located  at  any  chosen  position  in  the  egg.  Thirdly,  the  plane 
in  which  the  two  sexual  nuclei  meet  each  other  (copulation-plane) 
corresponds  with  the  first  plane  of  segmentation. 

!!*•  Partial  Discoidal  Cleavage. 

The  Hen's  egg  serves  us  as  the  classical  example  for  the  description 
of  discoidal  segmentation.     In  this  instance  the  whole  process  of 


-*  n  c 

Fig.  33.     Surface  view  of  the  first  stages  of  cleavage  in  the  Hen's  egg,  after  COSTS. 
a,  Border  of  the  genii-disc  ;  fr,  vertical  furrow  ;  c,  small  central  segment ;  d,  large  peripheral 
segment. 

cleavage  takes  place  while  the  egg  is  still  in  the  oviduct,  during  the 
period  in  which  the  yolk  is  being  surrounded  by  the  albuminous 
envelope  and  the  calcareous  {-hell.  It  results  simply  in  a  cleavage  of 
the  geim-disc  of  formative  yolk,  whereas  the  greater  part  of  the 
egg,  which  contains  the  nutritive  yolk,  remains  unsegmented,  ami 
becomes  subsequently  enclosed  in  an  appendage  to  the  embryo, — the 
so-called  yolk  sac, — and  is  gradually  consumed  as  nutritive  mat.-!  ial. 
Ju>t  as  in  tin-  m.se  of  the  pigmented,  animal  halt'  of  the  Frog's  egg, 
so  also  in  the  case  of  the  11< -n'>  e^,  turn  it  in  whatever  direction 
one  will,  the  garm-dipo  floats  oo  t"p.  Lean.--  it  is  the  lighter  part. 

As  in  tin-  Efaogfl  >-^  tin-  lir>t  plane  ol  (•!•-. i\ai:«-  i-  \ntical  ami  '.egins 
at  the  animal   pole.   ><>   in   the  case  of   tl.     M«-M'>  e«;i:   Mi.i:.   •"••• 
a  small  furrow  </•)  make>  it-   appearance  in   the   middle  of  the  «li>c, 
and  advances  from  al>,,\..   .1" \\n\vanl  in   a   vertical   direction.     But 
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,v herons  in  the  case  of  the  1  the  lirst    plane  of  dflfl 

through   to   the   opposite   pole,  in  the  GM6  "t   the   Hen's  egg  it  divides 

onlv  the  grrm-di>e   into  two  similar  segments,  which    like   two   he,.U 

Mj)on  the  undivided   \olk-m:iss  with  a  broad  base,  by  means  of 
which  t-hcv  still  ha\ea  physical  connection  with  each  other.     Soon 
this,  theie  is  formed  a  second  vertical  furrow,  which   crosses   tin-  lir-t 
at   right  angles,  and  likewise  remains  limited  to  the  germ-disc,  which 
fe  now  divided  into  four  segments  (fig.  l\'.\  !'•}. 

Knch  «  f  the  four  segments  is  again  divided  into  halves  by  a  radhl 
furrow.  The  segments  thus  formed  correspond  to  sectors,  which 
u.eet  in  the  centre  of  the  germ-disc  with  pointed  ends,  und  have 

a  b      I 


fig.  34.  — Section  through  the  germ-disc  of  the  Hen  s  egg  during  the  later  stages  of  segmentation 

i;u  IMI-K. 

Tin-  siTtioii.  \\liit-h  rf]n.-.--iit>  iath«T  ni<>i«-  th.in  h;ilt'  tl»c  lurailth  of  tin-  Hu-t<xliTin  (tin-  initldlo 

liiu-  i.-at  '•>.  ~h..\vs  tli:it  t  v  f  UM MttfMe md of  UMoantraol  tin- iliac  are  smallei 

than  tlm.-e  U-luw  ^tinl  t.. \\.n.l  tin-  p<-i  iplnM  \ .    At  tin-  l>.mliT  tln-y  are  still  very  large.    One  of 
rli.-  l.itti-r  i>  imli.'.-it.'.l  at  «. 

i.liiT.-il  >-fll  ;  /i.  l.ir^t-r  i-i-ll-  "f  tin-   I.iuiT  i.i\.  i-  ;  ••.  iniiUlle  line  of  the  bLututlfim  : 
..  IxnuuJai y  l>ct\\.-eii  the  blastoderm  ami  the  white  yc.lk 

their  broad  ends  turned  toward  the  periphery.  The  apex  »\  e  u-h  »  t 
the  >e^u:<-iit>  i-  then  cut  oft*  by  a  cross  furrow,  i.e.,  by  one  which  i> 

parallel  to  the  e  juator  of  the  egg  (fig.  33  C),  in  COllseipieUi  e  of  which 
there  are  formed   Minller  central  ('^  and   l-irger    peiiphn-al  (•!)  seg- 
ments.     >ince  from  this  time  forward  radial   fun-ows  and  tho-e  that 
are  parallel  t  o  t  he  eijuat  .»r  make  t  heir  a  ppea  ranee  alternately,  t  he  irerm- 
disc  is  sul»di\'ided  into  more  and  more  numerous  .segments,  whic: 
so  arranged  tliat  the  smaller  lie  at  the  centre  of  the  disc,— therefore 
immediately  around  the  animal  pole.-— tin- 1  irger  toward  it>  periphery. 
With   the  advancing  cleavage  the   >m-iller  >eLfiiuMits  are  entirely  ODD 
strictt.l  ctl'  from  the  undci  lying  yolk,  whereas   th.  ; --ripheral 

one>  .Ntill  i emain  at  tir>t  in  continuity  with  it  (tii:.  .'H  ).  In  thi>  way 
we  tinally  get  a  di>c  ot  small  emhryonic  ivll>.  \\  hi»-h.  toward  the 
middle,  are  an  a  Hired  in  >i-veral  >u[>er[»o>ed  la\ 
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The  layer  of  yolk  which  immediately  adjoins  the  periphery  of  the 
cellular  disc,  and  which  is  very  finely  granular  and  especially  rich  in 
protoplasm,  still  merits  particular  consideration,  for  in  it  lie  isolated 
nuclei  (fig.  35  nx),  the  much-discussed  yolk-nuclei  or  parables-nuclei 
(the  "  merocytes  "  of  RUCKERT).  In  the  case  of  the  Chick  they  are 
less  striking  than  in  Teleosts  and  Selachians,  in  which  they  have 
been  accurately  investigated  by  BALFOUR,  HOFFMANN,  RUCKERT, 
and  KASTSCHENKO.  Formerly  these  were  held  to  arise  spontaneously 
(free  formation  of  nuclei)  in  the  yolk,  an  assumption  which  in  itself 
is  very  improbable,  since,  according  to  our  present  knowledge,  the 
free  formation  of  nuclei  does  nob  appear  to  occur  anywhere  in 


fig.  35.— Section  through  the  germ-disc  of  a  Pristiurus  embryo  during  segmt nation,  after 

BALFOUR. 
n,  Nucleus;  nx,  modified  nucleus  prior  to  division;  nx',  modified  nucleus  in  the  yolk  ;  /, 

furrows  which  appear  in  the  yolk  adjacent  to  the  germ-disc. 

either  animal  or  vegetable  kingdom.  Consequently  t/te  yolk-nudei 
are  now  rightly  held  to  be  derived  from  the  cleavage-nuclei.  They 
are  probably  produced  even  at  an  early  period,  when  the  first-formed 
segments,  which  remain,  as  we  have  seen,  for  a  long  time  in  connection 
with  the  yolk,  begin  to  be  constricted  off  from  the  latter.  This 
probably  takes  place  in  the  following  manner :  there  arise  in  the 
segments  nuclear  spindles,  the  halves  of  which  go  into  the  completely 
UnUted  embryonic  cells  at  the  time  of  their  separation  from  the 
yolk,  while  the  remaining  halves  go  into  the  underlying  yolk-layer, 
ami  are  there  converted  into  v<>>irul  u-  yolk-nuclei. 

Their  number  subsequently  iru-i  oases  by  means  of  indirect  division, 
established  by  the  fact  that  in  sections  nucl.-.ii-  spindles  have 
been  observed  in  the  yolk-layer  (fig.  35  nx'). 

While,  on  the  one  hand,  there  is  an  increase  in  the  number  of  the 
yolk-nudei,  «o,  on  the  other  J«i,,l.  /We  is  also  a  diminution  in  their 
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im,,i?t-t',    M    \B   MMTted    by   several    author^    ( \V.\i. I.KVER,    R0CK 
BALFOUB,  etc.),     This  take,  plaeo   by  the   coiiMi-i.  ting  oil1  ot'   nuclei 
and  surrounding  protoplasm,  which  go  to  enlarge  the  cellular  disc. 
We  niav,  \vitli  \\"AI.IU:\  i  i: .  d.    ;  j-j.ai.   i  In  -so  as  secondary  cleavage-ce\\st 
and  regard  the  whole  process  as  a  kind  of  Kii/i/>tt.'in>  />/"/•,/  >-./, 

I'.v  in-  ans  of  this  a  part  of  the  voluminous  yolk  material  continues 
to  be  gradually  individualised  into  cells.  These  annex  themselves  to 
i  ho  border  of  the  germ-dis/,  which  with  their  aid  increases  in  »••-. 
and  grows  over  a  continually  increasing  territory  of  tin-  un.-egmentrd 
yolk-sphere.  In  still  later  stages  of  development.  long  after  the 
cellular  germ-disc  has  been  differentiated  into  the  germ -layers,  the 
supplementary  segmentation  continues  to  go  on  at  the  margin  of  the 
di>  •  in  the  neighbouring  yolk-mass,  and  to  furnish  new  cell-material. 
fore  the  layer  which  encloses  the  yolk-nuclei  form.*  an  /////<••/•/////£ 
connecting  link  between  the  segmented  germ  and  the  unsegw 
a nt, -it ic>>  yolk;  I  shall  come  back  to  this  subject  later. 

The  appearance   of   merocytes   and  the  supplementary   cleavage 
which  proceeds  from  them  are  phenomena  which  are  induced  by  the 
accumulation  of  yolk-material,  and  wi.ich  allow  the  latter  to  be 
divided  up  into  cells,  even  though  the  process  is  a  slow  one. 

Th  Selachians  (KASTSCHENKO,  RLYCKERT)  deviate  a  little 

t'lom  the  usual  method  of  partial  cleavage  in  ineroblastic  eggs, 
and  in  a  manner  which  recalls  to  a  certain  extent  the  processes 
of  superficial  cleavage,  which  are  to  be  treated  of  later.  The 
cleavage-nucleus,  namely,  is  divided  into  two  nuclei,  these  again 
into  four  and  even  a  greater  number,  without  an  accompanying 
division  of  the  germ -disc  into  a  corresponding  number  of  segment- 
In  this  ca>e.  therefore,  there  arises  at  first  a  in ulti nuclear  proto- 
plasinic  ma-s. — aplasmodium, — in  which  the  nuclei  are  distributed  at 
regular  intervals.  Subsequently  furrows  appeal-,  generally  in  i:re;«t 
numbers  and  all  at  once,  by  means  of  whicn  the  i:erm-disc  becomes 
divided  into  cells  from  the  centre  to  the  periphery.  Some  of  the 
nuclei  always  remain  in  the  periphery  outside  the  territory  of 
cleavage,  here  undergo  further  di\i>ioii.  migrate  out  of  the  {_'• 
disc  into  the  >urroundinur  nutritive  yolk,  and  constitute  the  j 
nut-lei  or  meiocyto.  These  cause  and  maintain  in  the  yolk  for 
a  long  time  the  process  of  supplementary  cleavage. 

When  we  institute  a  comparison  letween  partial  and  unequal 
cleavage, — for  the  descriptions  ot  which  we  have  made  use  of  the  eggs 
of  the  Hen  and  the  Frog, — it  is  not  diilicult  to  derive  the  former 
from  the  latter,  and  to  lind  a  cause  for  the  origin  of  the  former. 
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It  is  the  same  as  that  which  produced  unequal  cleavage  from 
equal  cleavage ;  it  is  the  great  accumulation  of  nutritive  yolk, 
the  inequality  in  the  distribution  of  the  egg-substances  which 
goes  hand  in  hand  with  it,  and  the  alteration  in  the  position 
of  the  cleavage-nucleus.  The  process  of  differentiation,  which 
is  still  in  a  stage  of  transition  in  the  case  of  the  Frog's  egg,  is 
carried  to  an  extreme  in  the  case  of  the  Hen's  egg.  Protoplasmic 
substance  was  already  abundantly  accumulated  at  the  animal  pole  in 
the  former  case,  but  in  the  latter  it  is  still  more  concentrated,  and 
at  the  same  time  has  become  differentiated  from  the  nutritive  yolk 
as  a  disc  enclosing  the  segmentation-nucleus.  The  yolk,  accumulated 
to  an  enormous  extent  at  the  opposite  pole,  is,  in  consequence  of  this 
separation,  relatively  poor  in  protoplasmic  substance,  which  only 
scantily  fills  the  interstices  between  the  large  yolk-spheres. 

Inasmuch  as  the  phenomena  of  motion  duiing  the  process  of 
division  emanate  from  the  protoplasm  and  nucleus,  whereas  the 
deutoplasm  remains  passive,  the  active  substance  in  the  case  of  mero- 
blastic  eggs  can  no  longer  master  the  passive  substance  and  cause  it  to 
participate  in  the  cleavage.  Even  in  the  case  of  the  Frog's  egg  a 
preponderance  of  the  animal  pole  during  cleavage  is  observable; 
within  its  territory  the  nucleus  lies,  the  radial  figures  of  the  proto- 
plasm appear,  and  the  first  and  second  planes  of  division  begin  to 
aiise,  whereas  they  cut  through  at  the  vegetative  pole  last  of  all ; 
moreover  the  process  of  division  during  the  later  stages  takes  place 
there  with  greater  rapidity,  so  that  a  distinction  arises  between  tho 
smaller  animal  cells  and  the  larger  vegetative  ones.  In  the  case  of 
the  Hen's  egg,  the  preponderance  of  the  animal  pole  is  still  further 
increased,  and  the  contrast  with  the  vegetative  pole  is  most  sharply 
expressed.  The  cleavage-furrows  not  only  begin  there,  but  they 
remain  restricted  to  the  territory  immediately  surrounding  it.  Thus 
we  get  on  the  one  hand  a  disc  composed  of  small  animal  cells,  on  the 
other  an  immense  undivided  yolk-mass,  which  corresponds  to  the 
larger  vegetative  cells  of  the  Frog's  egg.  The  yolk-nuclei  enclosed  in 
the  periphery  of  the  germ-disc  are  equivalent  to  the  nuclei  of  the 
vegetative  cells  of  the  Frog's  egg. 

IP-  Partial  Superficial  Cleavage. 

The  second  sub-type  of  partial  cleavage  is  prevalent  in  the  phylum 
of  Arthropod*,  and  occurs  in  centrolecithal  eggrf,  where  a  central 
yolk-mass  is  enclosed  in  a  cortical  layer  of  formative  yolk.  Manifold 
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variations  are  possible    here,  as   well    M  transitions  to   c,|iial  and  un- 
equal   cl.avap'.        When   the   course   pursued    ix   quite    typical,    the 

Begmentation-nudeuSfBorronnddd  by  a  mantle  of  protoplasm,  lies  in 

the  middle  of  the  OLrur  in  tho  nutritive  yolk;  here  it  is  divided 
two  daughter-nuclei,  without 1  ho  occurrence  of  a  correspond  in-:'  In 
<»f  the  egg-cell.     The  daughter-nuclei,  in  turn,  undergo  division  into 
4.  these  into  S,  1<>,    'M  nuclei,  etc.,  while  the  egg  as  a    wl.olr  .-till 
remains    unsegmented.      Subsequently  the   nuclei  move  apart,  the 
LMvater  number  gradually  migrate  to  the  surface,  and  penetrate  into 
the  protoplasmic  cortical  layer,  where  they  arrange  themselv- 
uniform   distances  from  each  other.      It  is  only  at  this  stage 
tin-  process  of  egg-segtnentation  takes  place,  for  now  the  cortical 
v.v  divided  into  as  many  cells  as  there  are  nuclei  in  it,  while  the  centi-nl 
yolk  /•-  imiiit*  "  ' .     The  latter  is  therefore  suddenly  enclosed  in 

•  formed  of  sin  ill  cells — a  blastoderm  (Keimhaut).  Instead  of 
a  polar  (telolecithal)  yolk,  we  have  a  central  (centrolecithal  >  yolk. 
<  )i-(lin  u-ily  yolk-nuclei  or  merocytes  remain  behind  in  the  yolk,  as  in 
Ihe  meroblastic  eggs  of  Vertebrates. 


No\v  that  we  have  become  acquainted  with  the  various  forms  of  the 
process  of  segmentation,  it  will  be  expedient  to  dwell  for  a  moment 
on  its  results.  According  as  the  process  of  cleavage  takes  place 
by  one  or  the  other  of  the  four  methods  described,  there  a 
a  mass  of  cells  with  corresponding  characteristic*.  l-'ivm  oipial 
segmentation  there  arises  a  spherical  germ  with  cells  approximately 
uniform  in  size  (Amphioxus,  Mammals)  (fig.  30,  p.  56);  from  un- 
equal segmentation,  as  well  as  from  discoidal,  there  is  produced  a 
form  of  the  geim  with  polar  differentiation.  This  mai  --If  in 

the  first  case  (Cyclostomes,  Amphibia)  in  the  production  of  small 
eells  at  the  animal  pole  and  large  yolk-laden  elements  at  the  opposite, 
vegetative  pole  (fig.  32 64,  p.  60).  In  the  other  case  (fig.  35,  p.  64) 
the  vegetative  pole  is  occupied  by  an  unsegmentrd  yolk-ma>>.  in 
which  at  definite  regions  nuclei  are  found  ( Fishe-.  llrptil.-s,  and 
Birds).  Finally  there  is  developed  from  superlirlal  cleavage  a  germ 
composed  of  a  mantle  of  cells,  which  envelops  an  unsegmented  yolk 
-  in  which  also  there  are  nuclei  (Arthropo 

The  mnlticellular  gorm  undergoes  further  changes,  sometimes  in 
the  earlier  stages  of  the  cleavau'*1  process,  sometimes  only  in  the  later 
stages,  in  that  a  small,  fluid-tilled  cr  \  elopnl  in  its 

centre,  by  the  -eparation  of  the  embryonic  cells.      At  lir>t  .-mall,  this 
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Fig.  38.  — Blastula  of  Amphioxus,  after  HATSCHEK. 
A,  Segmentation-cavity  ;  az,  animal  cells  ;  dz,  cells 
with  abundant  yolk. 


cavity   increases    more   and    more    in    size,    so    that    the    surface 

of  tho  whole   germ   is   augmented,  and  the   cells   which   were   at 

first    central    come    to    the 
surface. 

Different  names  have  been 
given  to  the  solid  and  to  the 
hollow  mass  of  cells.  A 
morula  or  mulberry -sphere 
is  spoken  of  as  long  as  the 
segmentation-cavity  is  either 
wanting  or  only  slightly  de- 
veloped. But  when  a  larger 
cavity  has  been  formed,  as 
is  almost  always  the  case 
toward  the  end  of  the 
cleavage-process,  the  germ 
is  called  a  blastula  or  blfis- 

tosphere   (Keimblase).      The    latter    in    turn    exhibits    a   four-fold 

variation   of    form,   according   to   the   abundance   of    yolk   in   the 

original  egg  and  the  method  of  the  antecedent  segmentation. 
In  the  simplest  case  (fig.  36)  the  wall  of  the  blastula  is  only  one 

layer  thick ;  the  cells  are  of  uniform  size  and  cylindrical,  and  are 

closely  united  to  one  another 

to  form  an  epithelium  (many 

of  the  lower  animals,  Am- 

phioxus).      In    the    case   of 

lower,  aquatic   animals  tho 

blastulae  at  this  stage  aban- 
don the  egg-envelopes,  and, 

since   their   cylindrical  cells 

develop  cilia  at  the  surface, 

-•.vim    about   with    rotating 

motion  in  the  water  as  cilia te 

spheres  or  blastospheres. 

In  eggs  with  unequal  seg-    Fig.  37.-BU.tuia  oi  Tm< 

mentation    the    blastula    is    fh>  ^^n^r^k! 

ordinarily  formed  of  several 

rs   of   cells,  as   in   the  case  of   the  Frog  and  Triton,   and   at 

tho  same  time  it  exhibits  in  dilfrrent  regions  different  thickn- 

'(fig.  37).     At  the  animal  pole  the  wall  is  thin ;   at  the  vegetative 

pole,  on  the  contrary,  it  is  so  much  thickened  that  an  elevation, 


.  cel!» 
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composed  of  largo  yolk  ivlls.  protrndea  tV<>m  this  >id«-  fir  int.,  the 

cleavage-cavity,  thus  considerably  •liiniuishin^  it. 

The  e_r^s  with  partial  di>coidal  .segmentation  (fig.  38)  are  modified 
most  of  all,  and  arc  there!  Iv  to  be  recognised  as  blastuhe. 

In  consequence  of  the  immense  accuinulat  ion  of  \olk  mi  tin-  v.-ntrul 
t  at  ive)  side,  the  cleavage-cavity  (J'»  i-e\t  ruordinarily  <-.>n-t  rioted, 
and  is  still  preserved  only  as  a  narrow  li»mv  tilled  with  albuminous 
tluid.  Dorsal ly  its  wall  consists  of  the  small  embryonic  cells  (kz)  result- 
ing from  the  process  of  cleavage,  which  are  accumulated  in  several 
superposed  layers;  at  the  surface  they  join  each  other  closely, 
deeper  they  lie  more  loosely  associated.  The  floor  of  the  cleavage- 


a   yolk-mass,    scattered    through    which    are 


dk 


!  *&"" 
Fig.  38.— Median  section  through  a  germ-disc  of  Pristiurus  in  th« 

blastula  stage,  after  RCCKERT. 
B,  Cavity  of  the  blastula  ;  L-:,  segmented  germ  ;  <llc,  finely  granular 

yolk  with  yolk-nuclei. 


cavity  is  formed  of 
to  be  found  the 
yolk-nuclei  or 
merocytes  (dk), 
which  lik- 
n-Milt  from  the 
clea  vage-p  r  o  c  e  s  s. 
It  is  to  be  seen 
that  they  are  espe- 
cially numerous  at 
the  place  of  tran- 
sition from  the 
germ-disc  to  the 
yolk -mass. 

This    nucleated 

yolk-mass  very  evidently  corresponds  to  the  large  vegetative  cell- 
\\liii-h  constitute  the  floor  of  the  cleavage-cavity  in  the  case  of  the 
Amphibian  egg  (fig.  37). 

In  the  case  of  superficial  cleavage  there  is  formed,  >t  i  ic'  ly  .-.peaking. 
no  blastula,  since  the  place  vln-iv  the  scpnrntat ion-cavity  should  be 
developed  is  filled  with   nutritive  yolk.     The  latter  either  ren 
uni-egmented  or  is  subsequently  divided,  as  in  th-  .  into  in- 

dividual yolk-cells. 

HISTORY  OF  THE  PROCESS  01  \om, 

The  investigation  and  right  compiviim>:.>n  of  the  process  of  cleavage  • 
been  attended  \\ith  manifold  difficulties.     A  voluminous  literature  has  arisen 
on  this  subject.     We  limit  ourselves  to  pointing  out  the  most  important  dis- 
coveries and  the  chief  questions  which  ha\v  l>e»-n  discussed. 

The   first  observations  on  the  process  of  segmentation  were   made  on  the 
Frog's  egg.    Aside  from  short  statements  by  SWAMMERDAM  and  KOSLL  vox 
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ROSEN  HOP,  it  was  PBEVOST  ET  DUMAS  who  were  the  first  to  describe,  in  1824, 
the  manner  in  which  regular  furrows  arise  on  the  Frog's  egg,  and  how  by 
means  of  these  the  whole  surface  is  divided  into  smaller  and  smaller  areas. 
According  to  the  French  investigators,  the  furrows  were  restricted  to  the  sur- 
face of  the  egg.  However,  only  a  few  years  later,  KUSCONI  (1826)  and  C.  E. 
v.  BAER  recognised  that  the  furrows  visible  at  the  surface  correspond  to 
fissures  which  extend  through  the  whole  mass  of  the  yolk,  and  divide  it  into 
separate  parts.  Even  in  his  time  VON  BAEB  rightly  characterised  the  whole 
process  of  segmentation,  in  which  he  discerned  the  first  impulse  of  life,  as  an 
automatic  division  of  the  egg-cell,  but  subsequently  he  abandoned  this,  the 
right  path,  since  he  sought  for  the  meaning  ot  division  in  the  dictum  :  that 
"  all  yolk-masses  are  subject  to  the  influence  of  the  fluid  and  volatile 
components  of  the  fertilising  material." 

In  the  next  decennary  there  followed  numerous  discoveries  of  the  process  of 
segmentation  in  other  animals.  During  this  period  acquaintance  was  also 
gained  with  partial  segmentation.  After  RUSCONI  and  VOGT  had  seen  it  in 
the  case  of  fish  eggs,  KOLLIKEK  gave,  in  the  year  1844,  the  first  detailed 
description  of  it  as  seen  in  the  eggs  of  Cephalopods,  and  four  years  later 
COSTB  described  it  in  the  Hen's  egg. 

The  question  of  the  significance  of  the  cleavage-process  has  engaged  the 
earnest  attention  of  investigators,  and  has  given  rise  to  many  controversies. 
The  discussion  first  took  a  definite  turn  upon  the  establishment  of  the  cell- 
theory.  The  question  was,  to  determine  whether  and  in  what  manner  cleav- 
age was  a  process  of  cell-formation.  Although  there  were  already  many 
observations  on  the  division  of  eggs,  SCHWANN  himself  took  no  definite  posi- 
tion on  this  question.  The  views  of  other  investigators  were  at  variance  for 
years.  There  was  a  difference  of  opinion  as  to  whether  the  egg  or  the  ger- 
minative  vesicle  was  a  cell,  whether  the  segments  resulting  from  cleavage 
possessed  a  membrane  or  not,  and  whether  these  segments  were  to  be  regarded 
as  cells  or  not.  In  the  earlier  literature  the  germinative  vesicle  and  the 
nuclei  of  the  cleavage-spheres  were  often  designated  as  embryonic  cells,  and 
the  surrounding  yolk-mass  as  an  enveloping  sphere.  The  difficulty  of  com- 
prehending the  process  of  segmentation  was  also  aggravated  by  the  false 
doctrine  of  free  cell-formation  from  an  organic  matrix — the  cytoblastema — 
founded  by  SCHWANN.  It  remained  for  a  long  time  a  controverted  point 
whether  the  tissue-cells  of  the  adult  organism  were  the  direct  descendants  of 
the  segmentation-spheres,  or  whether  they  arose  at  a  later  period  by  means 
of  free  cell-formation  from  cytoblastema.  After  NAGELI  on  the  botanical 
side  had  adopted  the  right  course,  it  was  the  service  of  KOLLIKEB,  REICHEBT, 
RBMAK,  and  LKYDIG  to  have  paved  the  way  to  a  comprehension  of  cleavage, 
and  to  have  shown  that  free  cell-formation  does  not  take  place,  but  that  all 
cellular  elements  arise  in  uninterrupted  sequence  from  the  egg-cell. 

As  far  as  regards  the  different  kinds  of  cleavage,  KttLLiKBB  designated 
them  as  total  and  partial.  VAN  BENEDEN  has  given  in  his  "  Recherches  sur 
la  composition  et  la  signification  de  1'ceuf "  a  more  exhaustive  review  of  the 
subject,  and  has  also  expounded  in  a  clear  way  the  signification  of  the 
deutoplasm  for  the  different  kinds  of  cleavage.  Subsequently  HAECKKL  mate- 
rially simplified  the  categories  of  segmentation  recognised  by  VAN  BENEDEN, 
and  proposed  in  his  "Anthropogenic"  and  in  his  paper  "Die  Gastrula  und  die 
Eif  urchung  "  the  classification  of  the  methods  of  cleavage  on  which  is  based 
the  scheme  previously  given,  and  according  lo  which  total  cleavage  is  divided 
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into   equal  and  un»  qua!,  and  paitial  into    discoidal  and   tOpertoUl.      A' 
.same  time  II  AKfK  1:1.  endeavoured   to  derive  t  !..•  «iill'ci«  1.1  nu-tli«ids  <.f  cleavage 
1'rom  one  another,  and  apropos  of  this  directed  attention  to  t  In-  in,; 
of  the  nutritive  yolk. 

The   prooeMM  which  take  place  within  tin-  yolk  have  eluded  observation 
and  a  correct  intei -pretat  i  >n  even   in. ire  than   the  external  phenomena  of  < 
age,  so  that  it  is  only  in  the  most  recent    time>   tha-  ed  a  satis- 

factory insight  into  tliiMii.     It  is  true  that    tin-  proMein,  as  to  r   the 

nucleus  plays  in  segmentation,  has  had  the  uninterrupted  attention  of  in, 

I,  but  without  any  solution  having  been  found.      Foi  -re  in 

the  literature  two  opposing  views:  sometimes  one  of  them,  sometimes  the 
other,  attained  temp. .rarily  greater  currency.  According  to  one  view— which 
was  almost  universally  adopted  by  the  botanists,  and  was  defended  on  the 
:ical  side  principally  by  REICH  KUT,  and  even  recently  by  AUERBACH  — 
the  nucleus  disappears  before  every  division,  and  is  di>sol\ed.  to  be  afterv. 
formed  anew  in  each  daughter-segment;  according  to  the  other  view  the 
nucleus,  on  the  contrary,  is  not  dissolved,  but  is  constricted,  becomes 
dumb-bell-shaped,  and  is  divided  into  halves,  and  thereby  induces  cell-division. 
This  \iew  was  taught  especially  by  such  zoologists  and  anatomists  as  C.  E. 
v.  BAER,  JOH.  MCLLEK,  KOLLIKU:,  I.KYDIG,  GEGENBAUR,  HM:I  KI:I.  v\\ 
I  IM:IH:N.  and  others,  who  were  supported  by  the  observations  which  they 
had  made  on  transparent  eggs  of  the  lower  animals. 

Light  was  tir.st  thrown  on  the  dispute  1  question  at  the  moment  when  suit- 
able objects  were  studied  with  the  aid  of  higher  magnifications,  and  especially 
with  the  employment  of  modern  methods  of  preparation  (fixing  and  staining 
reagen 

a  works  of  FOL,  FLEMMINC.  x  HM;I  1.1:1:.  and  AUERBACH  on  the  cleavage 
of  the  eggs  of  various  animals  mark  a  no  advance.     They  still  main- 

tained, it  is  true,  that  the  nucleus  is  dissolved  at  the  time  of  cleavage,  but  they 
gave  a  detailed  and  accurate  description  of  the  striking  radiation  which  arises 
in  the  yolk  upon  the  disappearance  of  the  nucleus,  and  which  during  the 
constriction  of  the  egg  soon  becomes  visible  in  the  region  of  the  daughter- 
nuclei.*  SCHNEIDER  observed  parts  of  the  spindle-stage. 

Soon  after  this  a  more  exact  insight  into  the  complicated  and  peculiar 
nuclear  changes  was  obtained  by  means  of  three  investigations,  which  were 
•  arried  out  independently  and  simultaneously  on  different  objects,  and  were 
published  in  rapid  succession  by  BttTSCHi.i,  s  n:.\sr,ri:<;i:i:,  and  the  author. 
It  was  definitely  established  by  these  observations  that  there  is  no  dissolution 
of  the  nucleus  at  the  time  of  division,  but  a  metamorphosis,  such  as  has  been 
described  in  the  preceding  pages.  At  the  same  time  I  likewise,  proved  that  the 
egg-nucleus  is  not  a  new  format  inn.  but  is  «!eri\  ed  from  parts  of  the  gi-rminative 
voicle.  From  this  resulted  the  important  a'o.-trine  that,  just  at  ill  crlU,  so  alto 
all  nuclei  of  t  lie  animal  onjanifin  an-  ilerirntires  in  an  uninterrupted  tfquencf, 
the  one  from  the  e<i<j-eell  and  the  other  from  if*  nucleus.  (Omnis  cellula  e  ccllula, 
omnis  nucleus  e  nucleo.)  Through  these  i  or  the 

*  Radiating  structures  had  already  been  observed  in  the  yolk  before  this, 
but  in  an  incomplete  manner,  by  different  authors — by  GRUBE  in  the  Hiru- 
dinea,  by  DERBES  and  MKISSNKU  in  the  Sea-urchin,  I'.ATK  in  Sagitta, 

by  KROHN,  KOWALEVSKY,  and  Kri>FFi:u  in  A.-eidians,  by  I.KITKAUT  in  Nema- 
todes,  by  BALBIANI  in  Spiders,  and  by  <  >I;I.LAC  HI:R  in  the  Trout. 
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first  time  a  scheme  of  nuclear  division  and  cell-division,  which  has  since 
proved  to  be  correct  in  all  essentials,  even  though  it  has  undergone  important 
improvements  and  additions  at  the  hands  of  FOL,  FLEMMINQ,  VAN  BENEDEN, 
and  KABL. 

FOL  published  an  extended  monographic  investigation  of  the  process  of 
cleavage,  which  he  had  observed  in  many  invertebrated  animals.  FLEMMING, 
starting  with  nuclear  division  in  tissue-cells,  distinguished  with  great  acumen 
the  non-chromatic  and  the  chromatic  parts  of  the  nuclear  figure,  the  non- 
stainable  nuclear  spindle-fibres,  and  the  stainable  nuclear  filaments  and  loops, 
which  are  located  upon  the  surface  of  the  former.  He  made  the  interesting 
discovery  concerning  the  latter,  that  they  become  split  lengthwise.  Ligbt 
was  soon  thrown  upon  this  peculiar  phenomenon,  when  HEUSEB,  VAN  BENEDEN, 
and  RABL,  independently  of  each  other,  discovered  that  the  halves  of  the  split 
filaments  moved  apart  toward  the  poles  of  the  nucleus,  and  furnished  the 
fundament  for  the  daughter-nuclei.  VAN  BENEDEN  at  the  same  time  made 
the  additional  and  important  observation  on  the  egg  of  Ascaris  megalocephaln, 
that  of  the  four  chromatic  loops,  which  are  constantly  to  be  observed  in  the 
case  of  the  cleavage-nucleus,  two  are  derived  from  the  chromatic  substance 
of  the  spermatic  nucleus,  the  other  two  from  the  chromatic  substance  of  the 
egg-nucleus;  and  that,  in  consequence  of  the  longitudinal  splitting,  each 
daughter-nucleus  receives  at  the  time  of  division  two  male  and  two  female 
nuclear  loops.  In  addition  there  have  appeared  many  other  recent  works 
of  value  on  the  process  of  cleavage  by  NUSSBAUM,  RABL,  CARNOY,  BOVERT, 
PLATNER,  and  others. 

Within  the  last  few  years  PFLtfGER  has  endeavored  to  prove  by  interesting 
experiments  that  gravitation  exercises  a  determining  influence  on  the  position 
of  the  planes  of  cleavage.  BORN,  Roux,  and  the  author,  on  the  contrary, 
thought  they  were  able  to  explain  division  from  the  organisation  of  the  egg- 
cell  itself.  In  the  author's  article,  "  Welchen  Einfluss  Ubt  die  Schwerkraft 
auf  die  Theilung  der  Zellen  ?  "  he  recognised  the  causes  which  determine  the 
various  directions  of  the  planes  of  division,  (1)  in  the  distribution  of  the 
lighter  egg-plasm  and  the  heavier  deutoplasm,  and  (2)  in  the  influence  which 
the  spatial  arrangement  of  the  egg-plasm  exercises  on  the  position  of  the 
nuclear  spindle,  and  that  which  the  position  of  the  latter  exercises  upon  the 
direction  of  the  plane  of  cleavage. 

SUMMARY. 

1.  In  the  process  of  cleavage  the  internal  and  the  external  pheno- 
mena of  segmentation  are  to  be  distinguished  from  each  other. 

2.  The  internal  phenomena  of  cleavage  find  expression  in  changes 
(a)  of  the  nucleus,  (6)  of  the  protoplasm. 

3.  The  nucleus  while  in  the  process  of  division  consists  of  a  non- 
chromatic  and  a  chromatic  nuclear  figure.    The  non-chromatic  figure 
is  a  spindle  composed  of  numerous  fibres.     The  chromatic  figure  is 
formed  of  bent,  A'  >liaped  nuclear  filaments  (chromosomes),  which  lie 
upon  the  surface  of  the  middle  of  the  spindle.     At  the  two  ends  of 
the  spindle  there  is  found  a  special  polar  corpuscle  [centrosome]. 
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4.    Tin-  division  of  tin-  nucl«-u>  tak»->  j.l., 

tin-    Iiliclt-ar  filaments   split    lrn«.M  liu  i-».  and    their  halvos    mOVO   :i 
in  opp  »it"  direction^  toward   tl,  -idle,  and  an-  i 

o>n\ertcd  into  \e>icular  daughter-nuclei. 

The  protoplasm  arranges  itself  around  the  end>  of  the  spindle 
in  filaments  having  the  form  of  a  stellate  figure  (an  aster),  so  (hat 
a  double  radiation  or  an  amphiaster  ari-e>  in  tin-  egg. 

6.  The  external  phenomena  of  cleavage  con-i>t  in  the  division  of 
tli"  »'gg-contents  into  individual  parts,  the  number  of  which  corre- 
sponds to  that  of  the  daughter-nuclei.  Theyexhihit  various  modifica- 
tion-, Avhii-h  are  dependent  on  the  arrangement  an< I  distribution  of 
the  egg-plasm  and  the  deutoplasm,  as  is  to  be  seen  from  the  fol- 
lowing scheme  of  segmentation. 

Scheme  of  the    Various  Modifications  of  the  Process 

of  Cleavage. 
I.  Total  Cleavage.     (Iloloblastic  e- 

The  eggs,  which  for  the  mo.st  part  are  small,  contain  a  small  or 
moderate  amount  of   deutoplasm,  and   are  completely  divided 
daughter-cells. 

1.  Equal  Cleavage. 

This  takes  place  in  eggs  with  meagre  and  uniformly  distributed 
deutoplasm  (alecithal).  By  the  process  of  cleavage  there  are  formed 
segments  which,  in  grnoral,  are  of  uniform  size.  (Amphioxus,  Mam- 
malia.) 

2.  Unequal  Cleavage. 

This  occurs  in  eggs  in  which  a  more  abundant   dentoplftsm  is  un- 
equally distributed,  being  concentrated  toward  th 
and  in  which  the  cleavage-nucleus  is  located  nearer  the  animal  and 
more  protoplasmic  pole.     Usually  the  segments  become  umqual  in 
size  only  with  and  after  the  third   act   of  division.    (Cyclostf 
Amphibia.) 

II.  Partial  Cleavage.     <  Mrrohlastic  rgLr-.) 

The  eggs,  which  are  often  very  largr.  ordinal ily  contain  con- 
siderable quantities  of  deutoplasm.  In  consequence  of  the  unequal 
distribution  of  this,  the  egg-contents  are  separat*  d  into  a  formativo 
yolk,  in  which  alone  tlu-  proci  ss  of  cleav.-^'-  i-  in.xi.it''  >N  d.  and  a 
nutritive  yolk,  which  remains  undivid.-d,  and  i>  used  up  during 
embryonic  development  for  the  growth  of  the  organs. 
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1.  Di$coidal  Cleavage. 

This  takes  place  in  eggs  with  nutritive  yolk  in  a  polar  position 
The  process  of  cleavage  remains  confined  to  the  formative  yolk 
accumulated  at  the  animal  pole,  which  has  the  form  of  a  disc  and 
contains  only  a  small  amount  of  deutoplasm.  There  is  formed,  con- 
sequently, a  cellular  disc.  (Fishes,  Reptiles,  Birds.) 


2.  Superficial  Cleavage. 

This  occurs  in  the  case  of  eggs  with  central  yolk.  In  typical 
cases  the  nucleus  alone,  which  occupies  the  middle  of  the  egg,  under- 
goes repeated  division.  The  numerous  daughter-nuclei  which  arise 
in  this  manner  migrate  into  the  layer  of  protoplasm  which  invests 
the  central  nutritive  yolk,  and  the  protoplasm  is  thereupon  divided 
into  as  many  segments  as  there  are  nuclei  lying  in  it.  There  is 
formed  a  germ-membrane  (Keimhaut).  (Arthropods.) 

7.  Eggs  with  total  cleavage  are  designated  as  holoblastic,  eggs 
with  partial  cleavage  as  meroblastic. 

8.  The  direction  and  position  of  the  first  cleavage-plane  are  strictly 
conformable  to  laws  which  are  founded  in  the  organisation  of  the 
cell ;  they  are  determined  by  the  following  three  factors : — 

First  factor.  The  cleavage-plane  always  divides  the  axis  of  the 
nucleus  which  is  preparing  for  division  perpendicularly  at  its  middle. 

Second  factor.  The  position  of  the  axis  of  the  nucleus  during 
division  is  dependent  upon  the  form  and  differentiation  of  the  en- 
veloping protoplasm. 

In  a  protoplasmic  sphere  the  axis  of  the  nuclear  spindle,  occupying 
the  centre  of  the  sphere,  can  lie  in  the  direction  of  any  radius  what- 
ever ;  but  in  an  oval  protoplasmic  body,  only  in  the  longest  diameter. 
In  a  circular  disc  the  nuclear  axis  lies  parallel  to  its  surface  in 
any  diameter  of  the  circle,  but  in  an  oval  disc  only  in  the  longest 
diameter. 

Third  factor.  In  the  case  of  eggs  of  unequal  segmentation,  which, 
in  consequence  of  their  unequally  distributed,  polar  deutoplasm, 
are  geocentric,  and  therefore  assume  when  in  equilibrium  a  parti- 
cular position,  the  first  two  planes  of  cleavage  must  be  vertical,  and 
the  third  must  be  hoii/ontal  and  placed  above  the  equator  of  the 
spheie. 
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CHARTER    IV. 

GENERAL  DISCUSSION  OF  THE  PRINCIPLES  OF  DEVELOP- 
MENT. 

A  SIMPLE  principle  has  exclusively  controlled  the  embryonic  pro- 
cesses hitherto  considered.  By  means  of  the  cleavage  of  the  egg- 
substance,  or  cell-division,  alone  the  originally  simple  elementary 
organism  has  been  converted  into  a  cell-colony.  This  presents  the 
simplest  conceivable  form,  inasmuch  as  it  is  a  hollow  sphere,  the 
wall  of  which  is  composed  of  one  or  several  layers  of  epithelial  cells. 
But  the  principle  of  cell-division  is  not  adequate  for  the  production, 
out  of  this  simple  organism,  of  more  complicated  forms  with  dissimilar 
organs,  such  as  the  adult  animals  are ;  further  progress  in  develop- 
ment can  be  brought  about  from  this  time  forward  only  by  tho 
supervention  of  two  other  principles,  which  are  likewise  simple; 
namely,  the  principle  of  unequal  growth  in  a  cell-membrane,  and 
the  principle  of  the  division  of  labour,  together  with  the  histological 
<HfFerentiation  connected  with  it. 

Let  us  consider  first  the  principle  of  unequal  growth.  When  in  a 
cell-membrane  the  individual  elements  continue  to  divide  uniformly, 
the  result  will  be  either  a  thickening  or  an  increase  in  the  surface  of 
the  membrane.  The  former  takes  place  when  the  plane  of  division 
has  the  same  direction  as  the  surface  of  the  membrane,  the  latter 
when  it  is  perpendicular  to  the  surface.  With  the  increase  in  the 
extent  of  surface  the  cells  which  were  at  first  present  are  uniformly 
and  gradually  crowded  apart  by  the  introduction  of  the  new  daughter- 
cells,  inasmuch  as  they  are  soft  and  plastic,  and  are  joined  together 
only  by  means  of  a  soft  cementing  substance.  Were  we  to  assume 
that  only  such  a  growth  took  place  in  the  case  of  the  blastula  during 
its  further  development,  nothing  else  could  come  of  it  except  an  ever 
larger  and  thicker- walled  hollow  sphere  of  cells. 
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The  operation  of  an  t  growth  of  the  aorfaoe  produces  q 

another  result.  When  in  the  middle  of  a  membrane  the  c  11s  of  a 
single-  group  within  a  short  time  repeatedly  undergo  %  1-y 

vertical  plant's,  they  will  l.e  suddenly  compelled  to  claim  for  themselves 

much   greater   surface,   and    t  h  --y  will  consequently  exert  a   \i;_r 
pn -sure,  due  to  growth,  upon  the  cells  in  their  vicinity,  and   will 
tend  to  push  them  apart.     But  in  this  ea>e  a  separation  of  contiguous 
cells   such   as    takes   place   with   gradual   and   uniformly  distril 
inters; it ial   growth,  will  bo  impossible;    for  the  surrounding  < 
remaining  in  a  passive  condition,  will  constitute,  as  it  \v<-re,  a  rigid 
frame,  as  His  has  expressed  it.  around  the  extending  part,  which,  in 
<|iunce  of  accelerated  growth,  demands  an   incr<  .  u      It 

must  therefore  secure  room  for  itself  in  another  manner,  and  inn 
its  surface  by  abandoning  the  level  of  the  passive  part  through 
the  formation  of  a  fold  in  either  one  direction  or  the  other.  The 
fold  will  1)0  still  further  increased,  and  forced  farther  from  the 
original  level,  if  the  increased  activity  of  the  process  of  cell-di vision 
in  it  continues.  Thus  by  means  of  unequal  growth  there  has  now 
arisen  out  of  the  originally  uniform  membrane  a  new  recognisable 
part,  or  a  special  organ. 

When  the  folding  membrane  encloses  a  cavity,  as  is  the  case  with 
the  blastula.  there  are  ///•„  OO969  OOnC&Vabl*  in  ///•  /'»n»»f /'<>,/  ,,/  ; 
In  the  lir>t  place,  the  membrane  may  be  folded  into  the  interior  of 
the  body,  a  process  which  in  embryology  is  called  invagination  or 
involution.  Secondly,  there  may  arise  by  evagination  a  fold,  which 
projects  free  beyond  the  surface  of  the  body. 

In  the  jir*t  case  numerous  variations  in  the  details  are  possible,  so 
that  the  most  various  organs,  as,  e.g.,  the  glands  of  the  animal  body, 
pivts  of  the  sen.M.ry  organs,  the  central  net  tern,  etc.,  are 

formed 

In  tlf   "r'l'i'nt    •>/  ,//«,!•/*  a   small   cireumvTil>.  d   circular    part    of  a 

cellular  membrane  is  infolded  as  a  hollow  eytindi  ' l  and  4), 

toward>  the  interior  of  the  body,  into  the  underlying  tissue,  and  by 
continuous  growth  may  attain  con>ideral»le  length.  The  invagina- 
tion develops  into  either  the  tubular  or  the  alveolar  form  of  gland 
(FLKMMIN'.).  If  the  glandular  mouth  ; 

blind  end  nearly  uniform  dimension^,  \ve  have  the  simple  tubular 
gland  (tig.  39  1), — the  sweat  glands  of  the  skin.  I.II:I;I:I;KI  UN'S  glands 
of  the  intestine.  The  alveolar  form  of  gland  ditl'eis  from  this  in  that 
the  invaginat«d  sac  doe>  n«t  -in. ply  increase  in  length,  but  expand  - 
somewhat  at  its  erd  (fig.  39  5,  db),  while  the  other  part  reu 
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Fig.  39.— Diagram  of  the  formation  tf  glands. 

1,   Simple  tubular   gland ;    2,    branched    tubular   gland 

branched   tubular   gland    with   anastomosing    branches ; 

4  and  5,  simple  alveolar  glands;  a,  duct;  db,  vesicular 

enlargement ;  6,  branching  alveolar  gland. 


narrow  and  tube-like  and  serves  as  its  duct  (a).     More  complicated 

forms  of  glands  arise,  when  the  same  processes  to  which  the  simple 

glandular  sac  owes  its  origin  are  repeated  on  the  wall  of  the  sac — 

,2  845  6  when    on     a     small 

tract   of    it   a   more 
°      vigorous      growth 
«      again     takes     place, 
and    a    part    begins 
<ib    to    grow    out     from 
the  main  tube  as  a 
lateral    branch    (fig. 
39    2    and    6).      By 
numerous  repetitions 
db    of  such  evaginations, 
the  originally  simple 
tubular    gland    may 
3,     acquire  the  form  of 
a      much  -  branched 
tree,  upon  which  we 
distinguish  tha  part 

formed  first  as  trunk,  and  the  parts  which  have  arisen  by  outgrowths 
from  it  as  chief  branches  and  branchlets  of  first,  second,  third,  and 
fourth  order,  according  to  their  ages  and  correlated  sizes.  According 
as  the  lateral  outgrowths  remain  tubular  or  become  enlarged  at  their 
tips,  there  arise  either  the  compound  tubular 
glands  (fig.  39  2)  (kidney,  testis,  liver),  or  the  a  b 

compound  alveolar  glands  (fig.  39  6)  (sebaceous 
glands  of  the  skin,  lungs,  etc.). 

Again,  the  invaginating  part  of  an  originally 
flat  membrane  assumes  other  forms  in  the  pro- 
duction of  sense  organs  and  the  central  nervous 
system.  For  example,  the  part  of  the  organ  of 
hearing  which  beai*s  the  nerve  terminations — 
the  membranous  labyrinth — is  developed  out  of 
a  small  tract  of  the  surface  of  the  bcdy,  which 
becomes  depressed  into  a  small  pit  (fig.  40)  in 
consequence  of  its  acquiring  an  extraordinary 
vigor  in  growth.  The  edges  of  the  auditory 
pit  then  grow  toward  one  another,  so  that  this  is  gradually  con- 
verted into  a  little  sac,  which  still  opens  out  at  tin-  MH  t.ice  of  the 
body  by  means  of  a  narrow  orifice  only  (fig.  40  a).  Finally,  the 


Fig.  40.— Diagram  of  the 
formation  of  the  audi- 
tory vesicle. 

a,  Auditory  pit ;  b,  audi- 
tory vesicle,  which  has 
arisen  by  a  process  of 
constriction,  and  still 
remains  connected  with 
the  outer  germ-layer  by 
means  of  a  solid  stalk 
of  epithelium. 
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narrow  orifice  closes.     Out  of  tin-  audit. u-y  pit    th-  n-  has  arisen  a 

ed  auditory  sac  (b),  which  then  d.-taches  itself  complete! 
part-lit  tissue,  the  epithelium  <>f  the  surface  of  the  body.    A: 

simply  by  means  of  tin-  unequal  growth  of  its  dillerent  regions,  by 
means  of  coiiMrictions  and  various  evaginat ions,  it  acquires  such  an 
<-.\traorilin:irily  complicated  form,  that  it  has  justly  n-ceivtd  the 
name  of  membranous  labyrinth,  as  will  In-  >ho\vn  in  detail  in  another 
chapter. 

The    development  of  the  central   nervous  system  n  e   at 

the  la>t  example  of  in va^ination.  Spinal  cord  and  brain  take  their 
origin  at  an  early  epu  h  from  the  layer  of  epithelial  cells  which  limits 
tin  outer  surface  of  the  body  of  the  embryo.  A  narrow  band  of  this 
epithelium  lying  along  the  axis  of  the  back  becomes  thickened,  and  is 
•iiruished  from  the  thinner  part  of  the  epithelium,  which  produce- 
tin-  epidermis,  as  the  medullary  plate  (fig.  41  A  ///]>).  Inasmuch  a> 
the  plate  grows  more  rapidly  than  its  surroundings,  it  becomes  in- 
folded into  a  gutter  which  is  at  first  shallow,  the  medullary  groove. 
This  becomes  deeper  as  a  result  of  fun  her  increase  of  substance.  At 
the  same  time  the  edges  (fig.  41  B  ////),  which  form  the  transition 
from  the  curved  medullary  plate  to  the  thinner  part  of  the  cellular 
membrane,  become  slightly  elevated  above  the  surrounding  parts,  and 
conMituto  the  so-called  medullary  folds.  Subsequently  these  grow 
toward  each  other,  and  become  so  apposed  that  the  furrow  becomes 
a  tube,  which  still  remains  temporarily  open  to  the  outside  by  means 
of  a  narrow  longitudinal  fissure.  Finally,  this  fissure  also  d i.-appears 
(fig.  41  C) ;  the  edges  of  the  folds  grow  together ;  the  closed  medullary 
tube  (n),  like  the  auditory  vesicle,  then  detaches  itself  completely 
along  the  line  of  fusion  (suture)  of  the  cell-membranes  of  which  it 
vraa  originally  a  component  part  and  becomes  an  entirely  independent 
organ  (n). 

Let  us  now  examine  somewhat  more  closely  the  mechanism  of  the 
fusion  and  detachment  of  the  neural  tube. 

The  two  medullary  folds  are  each  coin]  9,  which 

are  continuous  with  each  other  at  the  edge  of  the  fold, — the  thicker 
medullary  plate  (mp),  which  lines  the  furrow  or  tube,  and   the  thin- 
ner epidermis  (ep),  which   has  either  a  more  lateral  or  a  more  sin 
ticial  position.     When,  now,  the  folds  come  into  contact,  they  fuse, 
not  only  along  a   narrow  edge,  but  :  M\«-  a   tract  that 

epidermis  is  joined  to  epidermis,  and  that  the  edges  of  the  medullary 
plate  are  joined  to  each  other.  The  medullary  tul>e  thus  formed, 
and  the  continuous  sheet  of  epidermis  that  stretch*  >  acn  u  it,  arc  by 
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means  of  an  intermediary  cell-mass  still  in  continuity  along  the  suture 
produced  by  the  concrescence.    But  a  separation  soon  takes  place 
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Fif .  41— Grots  lections  through  the  dorsal  halves  of  three  Triton  larvae. 

A,  Cross  section  through  an  egg  in  which  the  medullary  folds  (»if)  begin  to  appear. 

B,  CroM  section  through  an  egg  whose  medullary  furrow  is  nearly  closed. 

C,  Crow  section  through  an  egg  with  closed  neural  tube  and  well-developed  primitive  segments. 
tnf,  Medullary  folds ;   nip,   medullary    plate ;    71,    neural   tube    (spinal    cord) ;   ch,   chorda ; 

rp,  epidermis,  or  corncal  layer ;   rule,  middle  germ-layer ;  mk\  parietal,  mij,  visceral  sub- 
division of  the  middle  germ-layer ;  H;  inner  germ-layer  ;  uth,  cavity  of  primitive  segment. 

along  this  line,  inasmuch  as  the  intermediary  band  of   substance 
becomes  narrower  and  narrower,  and  one  part  of  it  unites  with  the- 
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rpMermis,  \\  bile  tbe  M  her  part  is  annexed  to  th.-  medullary  tube.     | 
in   the  ftn'inntitm  if  the  suture  processes  of   fu>i«»n  and  of  -,.p;,i 
occur  almo>t  simultaneously,  a    condition  which   often    n  cur>   in   the 
of  other  invaginat  ions,  as  in  the  constricting  oil' of  the  auditory 

V.  side,   the   V.  side  of   tbe   lens,   e(c. 

'Hi.-  neural  tube  having  once  become  indep  ndent  is  >ubse(piently 
segmtnted  in  manifold  way>  by  t  be  formation  of  foldings,  in  conse- 
(ju.  nee  of  in»  qualities  in  tbe  rate  <,f  surface  growth,  especially  in  its 
anterior  enlarged  portion,  which  becomes  the  brain.  There  are 
formed  out  of  this  by  means  of  four  constrictions  five  brain  v.  >icl«  s, 
which  lie  in  succession  one  after 
another;  and  of  these  the  most  an- 
ttrior,  which  Incomes  the  cerebrum 
with  its  complicated  fui  rows  and  con- 
volutions of  first,  second,  and  tbiid 
order,  serves  as  a  classical  example 
win  n  one  desires  to  show  how  a 
highly  differentiated  organ  with  com- 
plicated morphological  conditions  may 
originate  by  the  simple  process  of 
folding. 

In  addition  to  invaginat  ion  the  second 
u»f//<»f     i/t     t/ie    for/nation     of  y'eA/.v, 
which  depends  upon  a  process  of  era- 
•filiation,    plays    a    no    less   imp* 
part     in     the     determination    of    tin- 
form  of  animal  bodies,  giving  rise  to 
protuberances   of   the   surface   of    the    body,    which    may    \\k< 
a.-sume  various  forms  (fig.  42).      A>  a    result  of  exuberant    growths 
-mall    circular    ttrntorns   of   a    (vll-meinbrane    there    arise   rod- 
like    »  Irvations,    resembling    the    papilla*   on  the  mucous    mem! 
of  the  tongue  (c),  or  the  tine   \illi  (n)  in   the  small   inUstine  (villi 
int.  stinahs).  which  are  so  closely  set   that  they  give  a  velvety  ap- 
p«arai:ce  to  the  surface  of   the   mucous   membrane  of  the  int, 
Just  as  the  tubular   glands    may  be   abundantly  brain  b.  d.  M>  tufted 
villi    are   here  and  there    d.  velopi  d   out    of    >imple    villi.    >inr  •    local 
aecrleiations  of  growth  cause  the  budding-out  of  lateral   branches  of 
a  second,  third,  and  fourth  order  (fig.  42  6).      We   r.  call  tbe  ..xt.rnal 
tufted  gills  of  various  larvn-  of  Ki^h,  <  ai.d  Amphibia,  which  project 
out    from    the   in  ck-region  free  into  the  water,  or   the  villi  of    the 
chorion  in  Mammals,  which  are  characterised  by  still  more  numerous 

6 


Fig.  42. — Diagram  of  the  formation  of 
papilla  and  villi. 

If  i«i.ill;i  ;  f>,  bran.-lu.l  |-apill.i 
or  tufted  villas;  c,  8ini}>l?  |..q  iln. 
the  connective-tiasue  core  of  whuh 
runs  out  into  three  points. 
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branchings.  The  formation  of  the  limbs  is  also  referable  to  such 
-a  process  of  external  budding. 

When  the  growth  of  the  membrane  takes  place  along  a  line, 
the  free  edges  form  ridges  or  folds  directed  outward,  such  as 
the  valves  of  KERKRING  or  the  gill-plates  on  the  gill-arches  of 
Fishes, 

From  the  examples  cited  it  is  clearly  to  be  seen  how  the  greatest 
variety  of  forms  may  be  attained  by  the  simple  means  of  invagina- 
tion  and  evagination  alone.  At  the  same  time,  the  forms  may  be 
modified  by  two  processes  of  subordinate  importanca,  by  separations 
and  by  fusions  which  affect  the  cell-layers.  Vesicular  and  sac-like 
cavities  acquire  openings  by  the  thinning  out  of  the  wall  at  a  place 
where  the  vesicle  or  sac  lies  near  the  surface  of  the  body,  until  there 
is  a  breaking  through  of  the  separating  partition.  Thus  in  the 
originally  closed  intestinal  tube  of  Vertebrates  there  are  formed  the 
mouth-opening  and  the  anal  opening,  as  well  as  the  gill-clefts  in 
the  neck-region. 

The  opposite  process — fusion — is  still  more  frequently  to  be 
observed.  It  allows  of  a  greater  number  of  variations.  We  have 
already  seen  how  the  edges  of  an  invagination  may  come  in 
contact  and  fuse,  as  in  the  development  of  the  auditory  vesicle, 
the  intestinal  canal,  and  the  neural  tube.  But  concrescence  may 
also  take  place  over  a  greater  extent  of  surface,  when  the  facing  sur- 
faces of  an  invaginated  membrane  come  more  or  less  completely  into 
contact,  and  so  unite  with  each  other  as  to  form  a  single  cell-mem- 
brane. Such  a  result  ensues,  for  example,  in  the  closure  of  the 
embryonic  gill-clefts,  in  the  formation  of  the  three  semicircular 
canals  of  the  membranous  labyrinth  of  the  ear,  or,  as  a  pathological 
process,  in  the  concrescence  of  the  surfaces  of  contact  of  serous 
cavities.  Moreover  fusions  may  take  place  between  sacs  which  come 
in  contact  with  their  blind  ends,  as  very  often  occurs  in  the  com- 
pound tubular  glands  (fig.  39 3).  Of  the  numerous  lateral  branches 
which  sprout  out  from  the  tubule  of  a  gland,  some  come  in  contact 
at  their  ends  with  neighboring  branches,  fuse  with  them,  and 
establish  an  open  communication  with  them  by  the  giving  way 
of  the  cells  at  the  place  of  contact.  It  is  by  this  means  that 
branched  forms  of  tubular  glands  pass  into  the  nit-like  forms  to 
\\  inch  the  testis  and  the  liver  of  Man  belong. 

In  addition  to  the  formation  of  folds  in  ej>itJi^iuJ  A/_//»v*,  which 
under  a  great  variety  of  modifications  determine  in  general  fehe 
organisation  of  the  animal  body,  there  were  mentioned,  as  a  second 
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offunfa  fabor 

<ln>   ///.s7«A  »/'''•"''   i/(rft'f'ittitifion  associuf"/   n-itfi    it.      In   order  to 
understand   fully  tin'  significant' •  of    tliis   principle   in   di  -velopment, 
we  must    proceed   from   tin-  th'>i-  that    tin-   life  of  all  organic  1 
expresses  it>-lf  in  a  -  \-  :<>us  duti«s  or  functions.     Organisms 

t  ike  to  t  h-  in--  Ivi  s  substances  from  wit  hout  :  t  hey  incorporate  in  t  h<  ir 
loili.sthat  which  is  serviceable,  ami  »  liminate  (hat  which  is  not 
(function  of  nutrition  and  metastasis);  they  can  alt.-r  the  form  of 
iln  ir  bodies  by  mntrai'tion  and  extension  (function  of  motion)  ;  tln-y 
an-  capable  of  reacting  upon  external  stimuli  (function  of  SCUM!  ility  i  : 
thty  possess  the  ability  to  bring  forth  n.-\v  organisms  of  tin  ii 
kind  (function  of  reproduction).  Intbelowtst  mult  ic-llidar  organisms 
t  ach  of  the  individual  parts  discharges  in  the  same  manner  as  the 
others  tin-  t  mini'  rai«  d  functions  necessary  for  organic  life;  bu- 
nion highly  nu  organism  is  developed,  the  more  do  we  see  that  it- 
individual  ci-lls  ditl'nvntiatt'  themselves  for  the  duties  of  life, — that 
some  assume  the  function  of  nutrition,  others  that  of  motion,  others 
th:.t  of  s-  nsibility,  and  still  others  that  of  reproduction, — and  that  with 
this  division  of  labor  is  likewise  joined  a  greater  degree  of  com- 
plrtuiiss  in  the  execution  of  the  individual  functions.  The 
development  of  a  specialised  duty  likewise  leads  invariably  \. 

altind    apjM'aiancc    of    tin-    rt-11  :     //•////    tin    }>  //   Division  of 

-  ijves  loii  /iiorpholo'jifil  or  fa 

Klem  tut  a  rv  j  a  i'ts  which  a  i-i  •  especially  concerned  in  the  duties  of 
nutrition  are  distinguished  as  gland-cells  ;  again  others,  \\hich  have 
<!e\.  loped  the  power  of  contractility  to  a  greater  extent,  have 
become  muscle-ct  11s.  othi  rs  m-rvc-c-i-lls,  others  sexual  ci-ll>.  etc.  The 
which  are  c< nceincd  in  one  and  the  same  duty  are  for  the  most 
pait  assoriattd  in  LTTOUPS,  and  const  it  ut  e  a  >p:  cial  ti->u«-. 

'Thus  the  >tmly  of  tin'  finbi-ytiloMy  of  an  organi-m  emhrao  >  chi-  tly 
two    eleini  r.t-  :   die    i>    the   study  of   the    dev»  lojM  •••rm,  the 

>•  coml  the  study  of   hi>tological   differentiation,     \\"e  may  at  the 
>ame  time  add  that  in  the  case  of  the  higher  organisms  the  moi 
logii- il  chang.  s   are   accomplish*  d    principally  in    the  «  arlier  stages  of 
devrlopnn  nt,  ami  that  th.-  Ideological  differentiat ion  takes  place  in 
the  final 

A  kiu'wltdge  of  these  leading  principles  will  materially  facilitate 
the  Comprehension  of  the  further  pr< 
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CHAPTER  V. 

DEVELOPMENT  OF  THE  TWO  PRIMARY  GERM-LAYERS. 
(  6  A  STR&A  •  THE  OR  Y. ) 

THE  advances  which  are  brought  about  during  the  next  stages  in 
the  development  of  the  blastula  depend  primarily  upon  processes  of 
/'<>/</;>«/.  By  these  means  there  arise  larval  forms,  which  are  at  first 
composed  of  two,  and  afterwards  of  four  epithelial  membranes,  or 
germ-layers. 

The  larval  form  which  is  composed  of  two  germ-layers  is  called  the 
gastrula.  It  possesses  an  important  developmental  signification, 
because,  as  HAECKEL  has  shown  in  his  celebrated  Gastraea -Theory, 
it  is  to  be  found  in  each  of  the  six  chief  branches  of  the  animal. 
kingdom,  and  thus  furnishes  a  common  starting-point  from  which 
along  diverging  lines  the  separate  animal  forms  may  be  derived. 
As  \vith  blastulae,  so  in  the  case  of  the  gastrula  four  different 
kinds  can  be  distinguished,  according  to  the  abundance  and  the 
method  of  distribution  of  the  yolk.  Starting  from  a  simple  funda- 
mental form,  three  further  modifications  have  arisen,  all  of  which, 

with  the  exception 
of  a  single  one  which 
is  characteristic  of 
many  Arthropods, 
are  to  be  encoun- 
tered within  the 
phylum  of  Verte- 
braJ' 

The  simplest  and 
most  primitive  form, 
with  the  consii]  ra- 
tion of  which  we 
to  begin,  is 
found  only  in  the 
development  of  Am- 
phioxus  lanceolatus. 


.-   ds 


Fiff.  43.-  BlMtala  of  Amphiosa 
/A,  Omvagv-mvity ;    at,  animal  cells ;   vz,  vegetative  cells ; 
..raalpole;  PP.  vegetative  pole. 


As  has  been  previously  shown,  its  blastula  is  composed  of  cylin 
closely  joined  into  a  single-layered  epithelium 
(fig.  43).  At  cm-  pine*-,  which  may  be  designated  as  the  vegetative  pole 
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Fig.  44.     Gastrula  of  Amphioxus  lanceolatus,  after 

II  MM  HI:K. 
ak,   Outer  germ-layer;    it,  inner  germ-lay 

Ha-topore,  or  mouth  of  archenteron 


(  17''.  tl.r  c   1U    (/•:  i   an  somewhat    1 

the  yolk  granules  lodur<  d  iii    them.       Th.  of  the  forma!  i 

tin-  irastnila  commences  at  tliis  place.  The  \, 
at  fir.-t  to  b ••  tl.-st  t  -in  d,  ami 
then  to  lie  pu-h.  (1  in  toward 
tin-  middle  of  the  sphere. 
By  tin1  advance  of  the 
iuvairinatii  n  tin-  depr- 
grows  deeper  and  deeper, 
while  the  cleavage-cavity  In- 
comes to  the  same  drirnr 
diminished  in  si/.e.  Finally, 
the  inv,-i_Lrin:itcd  portion  (tiur. 
44  ik)  comes  in  contact  \vith 
the  iniH-r  surface  of  the  un- 
in\ai:iii:ited  portion  («/.•)  of 
the  blast ula.  and  completely 
obliterates  the  clea\ 

cavity.  As  a  result  th»-ro  has  been  foi-incd  out  of  the  hollow 
sj.hcre  with  a  single  wall  a  cup-shaped  germ  with  double  wall-  - 
the  gastrula. 

TheCfcvity Of  thegafitrnla,  which  r«  suits  from  the  invaLrination  and 
is  not  to  be  confounded  with  the  cleavage-cavity  which  it  has  sup- 
plant •  d,  is  the  primitive  intestine  (archenteron)  (ud),  or  the  intestino- 
body  cavity  (coelenteron).  This  opens  to  the  outside  through  the 
primitive  mouth  (mouth  of  the  archenteron,  blastopore)  (u). 

Inasmuch  as  the  names  primitive  intestine  and  primitive  mouth 
ini^lit  ( usily  give  rise  to  erroneous  conceptions,  let  it  be  remarked,  in 
order  to  preclude  from  the  start  such  an  event,  that  the  cavity  and 
\te-rn.-il  oj-enini;  which  arise  by  this  first  invagination  are  not 
equivalent  to  the  intestine  and  mouth  of  the  adult  animal.  The 
archenteron  of  the  germ,  it  is  true,  furnislus  the  fundament  for  the 
inte.-tinal  tube,  but  there  are  also  formed  out  of  it  a  number  of  other 
organs,  the  chief  of  which  are  the  subsequently  formed  thoracic  and 
abdominal  cavities.  The  future  destination  of  the  cavity  will  there- 
fore be  better  expressed  by  the  term  u  /'."  finally,  tho 
primitive  mouth  is  only  an  evanescent  >tructure  among  vertebr 
animal>;  later  it  i-  clo>ed  and  disappears  without  leaving  a  trace,  wliil  • 
the  permanent  or  secondary  mouth  is  an  entirely  new  structure. 

The  two  cell-layers  of  the  cup,  which  are  continuous  with  each 
other  at  the  edge  of  the  blastopore,  are  called  the  two  primary 
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yerm-iayert,  and  are  distinguished  according  to  their  positions  as  the 
outer  (ak)  and  the  inner  (ik).  Whereas  in  the  blastula  the  individual 
cells  differ  only  a  little  from  one  another,  with  the  process  of  gastru- 
lation  a  division  ot  labor  begins  to  assert  itself,  a  fact  which  may 
be  recognised  in  the  case  of  the  free-swimming  larvae  of  Inver- 
ites.  The  outer  germ-layer  (ak)  (also  called  ectoblast  or  ectoderm) 
s  as  a  covering  for  the  body,  is  at  the  same  time  the  organ  of 
sensation,  and  effects  locomotion  when  cilia  are  developed  from  the 
(•••I Is,  as  is  the  case  with  Amphioxus.  The  inner  germ-layer  (ik) 
(entoblast  or  entoderm)  lines  the  coelenteron  and  provides  for  nutri- 
tion. The  cell-layers  thus  stand  in  contrast  to  each  other  both  as 
regards  position  and  function,  since  each  has  assumed  a  special  duty. 
In  view  of  this  fact  they  have  been  designated  by  C.  E.  VON  BAER 
as  the  two  primitive  organs  of  the  animal  body.  They  present  us 
with  a  very  instructive,  because  very  simple,  illustration  of  the 
manner  in  which  two  organs  originate  from  a  single  fundament. 
By  invagination  the  undifferentiated  cells  of  the  surface  of  the 
blastula  are  brought  into  different  relations  to  the  outer  world,  and 
have  consequently  been  compelled  to  follow  different  courses  in  their 
development,  and  to  adapt  themselves  to  special  duties  corresponding 
to  the  new  relations. 

The  separation  of  the  embryonic  cell-material  into  the  two  primi- 
tive organs  of  VON  BAER  is  of  decisive  significance  for  the  whole 
subsequent  course  of  the  development  of  the  individual  cells.  For  a 
very  definite  portion  of  all  the  ultimate  organs  of  the  body  is  refer- 
able to  each  of  the  two  primitive  organs.  In  order  to  put  this  im- 
portant condition  in  the  proper  light  at  once,  let  it  be  stated  that  the 
outer  germ-layer  furnishes  the  epithelial  covering  of  the  body,  the 
epidermis  with  the  glands  and  hair,  the  fundament  of  the  nervous 
system,  and  that  part  of  the  sense  organs  which  is  functionally  most 
important.  On  this  account  the  older  embryologists  imposed  upon  it 
the  name  of  dermo-sensory  layer.  The  inner  germ-layer,  on  the 
contrary,  is  converted  into  the  remaining  organs  of  the  body — into 
the  intestine  with  its  glands,  into  the  body-cavity,  into  the  muscles, 
etc.  ;  by  far  the  greater  mass  of  the  body,  therefore,  is  differentiated 
out  of  it,  and  it  has  to  pass  through  the  most  numerous  and  the  most 
hunt  metamorphoses.* 

•  I  he  practice  of  distinguishing  the  outer  and  the  inner  germ-layers  as  animal 
and  vegetative,  which  was  formerly  in  vogue  and  is  followed  even  now,  is  not 
proper,  and  ought  therefore  to  be  given  up.  For  the  transversely  striped  muscu- 
lature of  the  body,  which  belongs  to  its  animal  organs,  does  not  arise  from 
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Larval  forms  quite  like  tL-.i  of  Amphioxus  i.  be  en  observed 

in  the  case  of  Invertebrate-  be!,, n-in;:  to  tin-  phyla  of  Ctt'hm. 
Kchinodermaia.   VermeS,  and   I'.rachiop,  .la.       For   th«-mc»t   part   they 
(jiiit  the  rgg-t'iiv.  lope,  even  in  the  irastrula   st:i«r«-.   to  swim   about    in 
the  water  by  nnans    of    their  cilia  ;   and  they  can  no\v  take  nunitivn 
sub-i  -mall   infusoria,  a I'/a-,   or   remnants  of   larger  animals  — 

through  th«-  primitive  mouth 
into  tin-  dL-v.Mive  cavity,  ami 
make  use  of  t  hem  in  the  fur- 
ther  growl  h  of  their  hodies. 
Likewi-o  the  substances 
which  are  not  serviceable  be- 
cau>e  indi«:«'stible  are  ejected 
from  tin-  hotly  through  the 
>ame  orifice.  In  the  case 
of  the  higher  animals  the 
-ion  of  focd  is  not  only 
impossible  at  this  time,  but 
al>o  superfluous,  because  the 
t'lTU'  and  the  embryonic  cells 
arising  from  it  still  contain 
ydk-^ranules,  which  are 
iriadually  consumed. 

The  modifications  which  ynntmltitioii  undergoes  in  the  A  iujJii^ia  are 
easily  r»  ferable  to  the  simpler  conditions  in  Amphioxus.  In  the  case 
of  the  Water-Salamander,  which  is  to  serve  as  an  illustration  in 
this  description,  one  half  of  the  blastula  (fig.  45),  which  is  call,  d 
the  animal  half,  is  thin-walled  and  gomposed  of  small  cells,  which 
lie  in  two  or  three  layers  one  above  another,  and  in  the  case  of 
the  Frog  contain  black  pigment.  The  other,  or  vegetative  half  (dz)f 
exhibits  a  greatly  thicken*  d  wall,  composed  of  much  larger,  more 
deutoplasmic,  polygonal  cells  (dz),  which,  loosely  associated  in  several 
layers,  cause  a  protuberance  into  the  cavity  (fh)  of  the  blastula^ 
\\hii-h  is  proportionally  diminished  in  size.  Where  the  differentiated 
halves  meet,  a  transition  is  ell.  cted  by  means  of  cells,  forming  what 
GOETTE  has  designated  m'H-'jimd  zone  (rz).  Inasmuch  as  the  specific 
gravity  of  the  animal  half  is  much  1- ss  than  that  of  the  opposite- 
half,  it  is  without  exception  directed  upward  in  water.  The  former 

the  outer  germ-hivei,  as.  in  consequence  of  false  observations,  was  formerly 
believed,  but  rather  from  the  primary  inner  germ-layer,  as  has  now  been  esta- 
blished by  many  observations. 


—      dz 


Fig.  45.— Blastula  of  Triton  teeniatus. 
fh,   Cleavage-cavity ;  dz,    yolk-cells ;    «,  marginal 
zone. 
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Tig.  46.  Egg  of  Triton,  which  is 
developing  into  a  gastrula,  seen 
from  the  surface. 

«,  Primitive  mouth  (blaatopore). 


constitutes  the  thinner  roof,  the  latter  the  highly  thickened  floor,  of 

the  excentrically  placed  cleavage-cavity. 

When   the   gastrula   begins   to   be    developed,   the    invagination 

takes  place  on  one  side  in  the  marginal  zone  (fig.   46  w),  and  is 

distinguishable  externally  by  means  of 
a  sharp,  afterwards  horseshoe-shaped 
furrow,  which  is  bounded  on  one  side 
by  small  cells,  which  in  the  case  of 
the  Frog  contain  black  pigment,  on 
the  other  side  by  large  unpigmented 
elements.  At  the  fissure-like  blasto- 
pore  there  are  infolded  into  the  interior 
of  the  blastula  (fig.  47  u)  along  its 
dorsal  lip  (dl)  small  cells,  along  its 
ventral  lip  (vl}  the  large  deutoplasmio 
elements  of  the  vegetative  half;  the 

former  constitute  the  roof,  the  latter  the  floor,  of  the  ccelenteron  (ud). 

The  latter  appears  in  the  first  stages  of  the  invagination  simply  as 

a  narrow  fissure  alongside  the  capacious  cleavage-cavity  (fh)  ;  soon, 

however,  it  causes  a  com- 

plete obliteration  of  this 

cavity,  the  fundus  of  the 

invagination      becoming 

enlarged    into    a    broad 

sac,  while   the  entrance 

always   remains   narrow 

and    fissuiv-lik<».       Since 

the    ccelenteron    of    the 

Amphibia    was    first   ob- 
'l    by    the    Italian 

investigator,  RUSCOM,  it 

is   ordinarily   mentioned 

in  the  old'-r  writings  as 

RUSCONI'S     digestive 
.    and   the   blasto- 

pore     likewise     as     the 
amis. 


aJc 


i  / 
dl 


Fig.  47.—  Longitudinal  [sagittal]  section  through  an  egg 
of  Triton  at  the  beginning  of  gastrulation. 

air,  Outer  germ-layer ;  it,  inner  germ-layer  ;  fh,  cleavage- 
cavity  ;  ud,  cojlenteron ;  w,  blastopore ;  dz,  yolk- 
cells;  dl  and  vl,  dorsal  and  ventral  lii«  of  the 
ccelenteron. 


At  the  close  of  the  process  of  invagination  the  whole  yolk-mass,  or 

half  of  the  blastula,  has  been  taken  into  the  interior 

to  form  the  lining  of  the  ccelenteron,  being  at  th?  same  time  over- 

grown by  a  layer  of  small  cells  (fig.  48).    In  the  case  of  the  Frog  the 
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Avhole  suri'ac  •  of  the  •_[.  rm,  with  (he  exception    of  a  small  place  about 
as  lai'L'e    M    the    head   of   a  pin,  which   corresponds   to  the  blast  ,,• 

appears  black.  Incau-"  the  small  cells  are  deeply  pigmented.      \' 
the  place  except ed    a    part    of   the    impiumented   y0lk-M  vudes. 

through  the  blast  ojiore 
and  closes  the  entrance  to 
it  as  if  \\  ith  a  stopper  (d), 
by  reason  of  which  it 

li  .1  r.s  i  he  Engnificanl  name 

of  viti  lline  plug. 

Of  the  two  germ-layers 
of  the  gastrula  the  outer 
subsequent  lv  1  M  comes  re- 
duced in  thickness  in  the 
of  the  Water-Sala- 
mander to  a  single  layer 

Of        r«  gularly        a  rrangcd  Tigi  48.-Sagittal  section  through  an  egg  of  Triton  after 

cylindrical     cells,    when  as  the  end  of  gastrulataon. 

, ,  at,  ik,  dz,  dl,  rt    ud,  as  in  fig.  47  ;   d,  vitelline  plug  ; 

111  the   Case  of   the  IrOg  It  mtf  raiddle  germ-layer. 

is    composed    of    twro    or 

three  layers  of  small,  in  part  cubical,  deeply  pigmented  elements. 
The  inner  germ-layer  in  the  roof  of  the  ccelenteron  likewise  consi- 
small  (in  tin-  I-Yog,  pigmented)  cells,  but  in  the  floor  it  is  composed 
of  large  yolk-cells,  which,  heaped  together  in  many  layers,  pro- 
duce an  elevation  that  projects  far  into  the  ccelenteron  and  partly 
fills  it.  For  this  reason  the  gastrula  in  Amphibia  is  compelled 
to  adopt  in  water  a  definite  position  of  rest,  because  the  yolk-ma s>. 
1>.  ing  the  Leavit  r  part,  always  assumes  the  lowest  position  (fig.  48). 

The  germ  of  the  Amphibia  is  already  a  bilaterally  symmetrical 
body.  The  thickened,  yolk-containing  wall  of  the  gastrula  becomes 
the  ventral  side  of  the  adult  animal;  the  opposite  wall,  or  roof  of 
the  cffilenteron,  becomes  the  dorsum.  The  blastopore  indicate 
the  sequel  shows,  the  posterior  end,  the  opposite  part  the  head-end. 
There  may  therefore  be  passed  through  the  i:a>trula  a  longit  i:dinal. 
a  dorso-vi  ntral.  and  a  transverse  axis,  which  corn  spond  with  the 
axes  of  the  adult  animal.  This  bilateral  symmetry,  which  appears 
so  early  in  the  Amphibia,  is  solely  attributable  to  the  accumulation 
of  yolk-material,  and  to  the  piling  up  of  it  on  the  ventral  side  of  the 
ccelenteron. 

The  development   of   Amphibia   furnishes   us   with   a    transitional 
•condition,  which  is  serviceable  for  the  comprehension  of  th  •  much 
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more  highly  altered  form  which  the  gastrula  acquires  in  the  case  of 
eggs  with  partial  cleavage  in  the  classes  of  Sekichii,  Teleosts,  Reptiles, 
and  Birds. 

The  conditions  are  the  most  readily  intelligible  in  the  case  of  the 
Selachians.  That  which  we  have  described  in  the  blastula  of  the 
Amphibia  as  the  roof  of  the  cleavage-cavity  is  in  the  blastula  of 

the    Selachians   a 
small  disc  of  em- 


49  kz),  continuous 
at  its  margin  with 

the  extraordi- 
narily voluminous 
yolk  -  mass  (dk), 
which  contains 
nuclei,  although  it 
is  not  divided  up 
into  cells.  This 
yolk-mass  corre- 
sponds to  the 
yolk-cells  of  the 

Amphibia,  and,  like  the  latter,  forms  the  floor  of  the  cleavage-cavity 
(B).     Germ-disc  and  yolk  thus  together  constitute  a  sac  with  an 

v  H 


Fig.  49.  Median  section  through  a  germ-disc  of  Pristiurua  in  the 
blastula  stage,  after  RtJcKERT.  The  posterior  end  of  the 
embryo  lies  at  the  right.  B,  Cleavage -cavity  ;  dk,  yolk -nuclei ; 
kz,  germ-cells ;  V  and  H,  front  and  hind  margins  of  the  germ- 
disc. 


Fig.  50.— Median  section  through  a  germ-disc  of  Fristiurus,  in  which  the  gastrular  imagination 

has  begun,  after  RUCKERT. 
ud,  First  rudiment  of  the  ccelenteron ;  B,  cleavage-cavity  ;  dk,  yolk-nuclei ;  fd,  finely  granular 

yolk  ;  gd,  coarsely  granular  yolk  ;  V  and  //,  front  and  hind  margins  of  the  germ-disc. 

almost  obliterated  cavity  (B),  and  with  walls  differing  in  thickness 
and  in  differentiation.  A  very  small  part  of  the  wall,  the  germ-disc, 
consists  of  cells.  The  much  larger  and  thicker  portion  is  yolk-mass, 
which  in  the  vicinity  of  the  cavity  contains  nuclei,  but  is  not  divided 
into  cells. 

As   in  the  Amphibia,  so  here,  the  gastrulation  begins  at  what 
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is  sul>st  (jut-iit  ly  tin-  hind  end  (//)<>»'  t  he  emhryo,  at  a  n  Lri<>"   i'»  tin- 
/one    nt'    irarMtion  «>r   inai-iriii    of   the    g«'rm-disr,  in    which    the 
snjn  rficial    cvlU    have   assumed    tin-   cylindrical    I'm  in.  ami   aiv  <•!«>•  ly 
joint  (I    io-vthtr     (fig.    49).      The    mar-in    of    tin-    di>c    is   fold»  d    in 
(ti_r.     f)0)     toward   the    cleavair«  -ca\  ity    (l>).   M>    bhl  .i!l    cn-len- 

teron  (»>/),  shown  in  tin-  accompanying  section,  and  a  li- 
like  hla>t«>pore  are  distinctly  ivo»«:iii>al»l«'.  The  m-Ldil.oiing  yolk 
al-o  participates  in  tin-  in\  airina  t  ion,  >ince  in  the  territory  of 
the  /one  of  transition  tin-  yolk  nnclci  ('/£),  envelop*  d  in  proiopl.-.sm. 
U  foine  dt  tachcd  from  tlie  yolk,  irroxv  into  the  cleavage  -cavity  along 
with  the  inxairinated  ci  11s,  and  contribute  to  the  formation  of  the 
inner  trerm-  layer  in  a  similar  manner  to  that  in  whirh,  in  the  ca 
the  Amphihia,  the  vegetative  cells  at  the  lower  lip  of  the  blastopore 
are  carried  in  with  the  imagination  into  the  cleava«:«  '-cavity.  The 
clea\ai:e-cavity  (/>)  is  being  continually  encroached  upon  by  the  in- 
growth of  the  cells  originally  in  its  roof,  which  form  a  continuous 
layer  projecting  from  behind  forward.  Consequently  in  the  Sela- 
chians also  the  germ-disc  becomes  two-layered  as  the  result  of  the 
in  valuation.  It  lies  so  close  upon  the  yolk,  that  the  crelenteron 
appears  at  most  as  a  fissure.  Moreover,  the  invagination  in  the 
Selachians  does  not  remain  limited  to  one  region  of  the  original 
margin  of  the  germ-disc,  but  soon  stretches  itself  out  over  its  whole 
posterior  perimeter.  The  blastopore  then  appears  as  a  large  semi- 
circular or  horseshoe-shaped  fissure  at  the  future  posterior  end  of  the 
-inhryonic  fundament. 

The  enormous  volume  of  the  yolk  causes  an  important  differ* 
in  t  \\oen  the  gastrulation  of  the  Selachii  and  that  of  the  Amphibia. 
In  the  case  of  the  latter  the  mass  of  the  yolk-cells  was  quite  rapidly 
carried  in  with  the  invagination,  and  employed  in  the  formation  of 
the  ventral  wall  of  the  co?lenteron.  In  the  Selachians  the  taking 
up  of  the  yolk  into  the  interior  of  the  body  ensues  only  at  a  slow 
rate  (in  a  manner  to  be  more  accurately  explaimd  later),  so  that  for 
a  long  time  only  the  dorsal  side  of  the  gastrula  consists  of  two  cell- 
layers,  whereas  the  ventral  wall  is  fornn  d  by  the  yolk-n 

The  eggs  of  Teleosts  are  very  in  ni  ly  n  lat.  d  to  those  of  Selachians 
in  their  whole  method  of  development.  The  same  cannot  be- 
to  be  true  to  the  same  extent  for  the  eggs  of  Reptiles  and 
J'.irds.  The  latter,  indeed,  also  belong  to  the  meroblastic  type, 
since  they  have  developed  a  large  amount  of  yolk,  and  in  c.ons  (jiience 
undergo  partial  segmentation;  but  in  the  formation  of  the  germ- 
lay,  is,  they  exhibit  many  peculiarity  s,  so  that  they  require  a  separate 
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treatment.  In  Birds  and  Reptiles  the  investigation  is  accompanied 
with  greater  difficulties  than  in  the  Selachians.  Particularly  the 
development  of  the  germ-layers  in  the  Chick,  notwithstanding  the 
fact  that  the  best  investigators  have  given  it  their  attention,  has 
for  a  long  time  been  the  subject  of  very  divergent  descriptions.  At 
the  present  moment,  however,  the  main  facts  in  the  case  have  been 
established  for  the  Bird's  egg  also  by  the  very  recent  and  excellent 
work  of  DUVAL,  and  upon  this  as  a  basis  the  gastrulation  in  Bird-  i> 
easily  to  be  correlated  with  that  of  the  Vertebrates  hitherto  described. 
Since  the  Bird's  egg  has  played  such  an  important  role  in  the  history 
of  embryology,  and  has  even  been  called  a  classical  object  for  investiga- 
tion, it  appears  necessary  to  go  briefly  into  the  conditions  which  it 
presents  in  the  gastrula-stage,  and  in  connection  therewith  to  consider 
some  of  the  important  results  drawn  from  the  study  of  the  eggs  of 
Reptiles. 

The  blastula  arises  and  the  germ-layers  begin  to  be  developed  out 
of  it  while  the  Bird's  egg  tarries  in  the  terminal  region  of  the 
oviduct. 

The  blastula  arises  in  a  manner  which  was  first  correctly  described 
by  DUVAL.  When  by  the  process  of  segmentation  a  small  disc  of 

cells  has  been  formed, 
there  appears  in  the 
latter  a  narrow  fissure, 
the  cleavage-cavity  (fig. 
51  fh),  and  the  cell- 
material  is  separated 
into  an  upper  layer  (dw) 
and  a  lower  layer  (vw), 
which  are  continuous 
with  each  other  at  the 
margin  of  the  disc.  The 
upper  layer  consists  of 
fully  isolated  cleavage- 

,  which  are  flattened  at  their  surf  aces  of  contact  and  arranged 
into  an  epithelium-like  layer.  They  correspond  to  the  thin- walled 
half  of  the  blastula  in  Triton  (fig.  45),  which  has  already  been 
designated  as  the  animal  half.  The  lower  layer  is  composed  of 
larger  cleavage-spheres,  which  are  still  in  great  part  continuous 
by  means  of  tluir  lower  halvo  with  (lie  whit--  yi.lk  (*/•</').  which 
is  spread  out  beneath  the  germ-disc  and  is  known  as  PANDER'S 
nucleus.  Yolk-nucl.  i  (nu-rocytpR)  are  also  found  here  in  great 
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Fig .  61.— Section  through  the  germ-disc  of  a  freshly  laid 

unfertilised  Hen's  egg,  after  DUVAL. 
fh,  Cleavage-cavity  ;  wd,  white  yolk  ;  rtc,  lower  cell-layer  ; 

die,  upper  cell-layer  of  the  blastula. 
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numbers,    especially   an-uid    (lie  whole    periphery   of    tin-    g<  rin  di>r. 
thev     increa.-e     in     nimilu  r     l»y     nuclear    division,    and 

-'•uit»  df  them, «  n\viop  <i  in  protoplasm, become  «!•  t.-u-lml  from  ihe 

yolk,   they  contribute   to  tin-   continuous   growth   of   the  germ-«l 
process  which  lias  already   (p.  65)  been  described   as  supplementary 
ch  avage.      The   lower  cell-layer,  together  wit  h   the  whole  yolk 
with  its  five  nuel  i.   must  be  compared  to  the  veg  tative  halt  of  the 
blast  ula  of  Triton  (tig.  -1.0  </:). 

The  gastrulation  proceeds  from  the  posterior  margin  of  the  germ- 
di>r,  ami  brains  »-\vn  some  time  In -fore  the  e«ri;  is  laid.  Tln->tmly 
of  it  is  coupled  with  great  dilliculti»s,  and  demands,  most  of  all, 
that,  in  the  invent  iirat ion  of  the  disc  by  means  of  sections,  one  should 
be  accurately  informed  concerning  the  position  of  its  anterior  and 
posterior  margins.  The  orientation  is  essentially  facilitated  by  the 
fact  that,  in  the  case  of  every  Hen's  egg,  with  rare  exceptions,  the 
side  toward  which  the  front  end  of  the  embryo  is  directed  can  be 
Mated  accurately  before  opening  the  shell.  This  results  from  the 
following  rule  established  by  KUPFFER,  ROLLER,  GERLACH,  and  Dr\  A  i.. 

When  one  so  places  an  egg  in  front  of  him  that  the  blunt  pole  is 
turned  to  the  left,  the  more  pointed  one  to  the  right,  then  a  line 
uniting  the  two  poles  divides  the  germ-disc  into  a  half  on  the  side 
toward  the  observer,  which  becomes  the  hind  end  of  the  embryo,  and 
a  forward  half,  which  is  developed  into  the  head-end.  By  taking 
into  account  this  rule,  one  can  establish  a  difference  on  the  germ- 
disc  (ven  during  the  process  of  cleavage.  In  the  anterior  region  the 
cl.avaire  tak.>  place  more  slowly  than  in  the  posterior  half.  Con- 
sequently larger  embryonic  cells  are  found  in  front,  smaller  and 
more  numerous  ones  behind  (OELLACHER,  KOLLIKER,  DUVAL). 

The  difference  between  anterior  and  posterior  becomes  more  evident 
at  the  beginning  of  gastrulation.  If  one  now  examines  carefully  the 
thick*  md  margin  of  the  germ-disc  (Eandwulst  of  German  writers, 
I'ourrelrt  blastodermique  of  IMVAL),  it  is  seen  that  the  disc  is  limited 
in  front  and  on  the  sides  by  a  notched  and  indistinct  boundary, 
but  behind,  on  the  contrary,  by  a  sharper  contour.  The  latter 
is  cans*  d  by  the  fact  that  the  marginal  ridge,  in  consequence  of  a 
more  vigorous  growth  of  the  cells,  has  become  thicken ed  and  more 
opaque,  and  has  asMinied  a  whiter  colour.  It  is  distinctly  recognisable 
from  its  surroundings  as  a  whitish  crescent ic  tigure  (fig.  52  A  s). 
Often  there  is  also  observable  in  the  creacenl  a  narrow  furrow,  the 
>  vntic  groove  (Siehelrinne.  KOLLER),  by  means  of  which  the  germ- 
disc  acquires  a  still  sharp,  r  limitation  l.ehind. 
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DUVAL  has  proved  by  means  of  sections,  part  of  which  was  made  in 
a  transverse  direction,  and  part  in  the  sagittal,  that  the  Bird's  egg  is 
now  in  the  gastrula  stage.  Especially  instructive  are  the  two  median 
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Tig.  62  A.— The  unincubated  germ-disc  of  a  Hen's  egg,  after  ROLLER. 
d,  Yolk  ;  kteh,  germ-disc  ;  t,  crescent ;  V  and  //,  anterior  and  posterior  margins  of  the  germ-disc. 

B.     The  germ-disc  of  a  Hen's  egg  during  the  first  hours  of  incubation,  after  ROLLER. 
d,  Yolk  ;  k$ch,  germ-disc  ;  Es,  embryonal  shield  ;  *,  crescent ;  sk,  knob  of  the  crescent ;  V  and  H, 
anterior  and  posterior  margins  of  the  germ-disc. 

sections,  figs.  53  and  54.  As  is  to  be  seen  at  once  in  fig.  53,  which  re- 
presents the  somewhat  younger  stage,  the  crescentic  groove  described 
as  occupying  the  posterior  part  of  the  marginal  ridge  (vl)  is  continued 
in  the  form  of  a  narrow  fissure  (ud).  Whereas  in  the  blastula  stage 

(fig.  51)  the  lower  cell- 
layer  passed  over  con- 
tinuously into  the  white 
yolk,  it  is  now  sharply 
separated  from  it  as  i.n 
as  the  fissure  ext 
In  fig.  53  this  separa ]i<>n 
has  been  completed  only 
in  tht>  posterior  half  of 
the  germ-disc;  in  the 
anterior  half,  on  tli- 
traiy,  embryonic  o-ll.x 
(dk)  and  y<.lk  :uv  Mill 
continuous.  However, 
in  the  somewhat  older 
stage  (fig.  54)  the  connection  is  terminated  in  tl.i>  n^ion 

•nv   („,/)   hus  extended  itself  nearly  to  the  anterior 
.-in  .-t  tli.  (li>«-  < ,-,-,.      |n  consequence  of  this  process  the  part  of 
tli.-  whir,-  yelk  which  Iks  beneath  the  fissure  has  become  destitute  of 
and  nucl.-i,  with  the  exception  of  the  marginal  territory,  wl 


Fif .  63.— Longitudinal  section  through  the  germ-disc  of  an 
unincubated  egg  of  the  Siskin  (Carduelis  ipimii).  after 
I'I-VAL. 

t«r ,  it,  inner  germ-layer  ;  wd,  white  yolk ;  dk,  yolk- 

;  ud,  ccelcriteron  ;  tl,  anterior  lip,  M,  posterior  lip 

at  the  place  of  inragination  (crescentic  groove  or  blastopore). 
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It  5 


( >p  ciallv  In-hind  (/*/)  t  h«-  ci  e,  five  nuel.  i  Mtt  constantly 

to  be  found  k.-»  piu«;  up  tin-  suppl.-nn-ntary  cleavage. 

Owiuir    t»   tin-  ajip  aianre  of    tin-  new  ti>suiv   ( subirrriiiinal  cai 

(fig.  53  ?>'/),  the  cleavage-cavity  (li;_r.   f>  1    /'//)  is  almost  completely 

obliterati  d.       The    two    cell-layers    of     the 

Mastula -stair*1   (fig.    51  dw,  vw),  described   as 

Ivinir  our  aliovr  and  one  below  the  ch  ::VM«;»>- 

raviiv,   have   come   close   together  (figs.   53 

and    51),    ht  in.ij    s  parated  from    each    otln-r 

l.y   only   a    narrow  fissure.      In    the    upp  r 

lavt  r  ("/•)  t  lie  cells  havr  assunu-d  a   cubical, 

and  at  a  somewhat  later  stage  a  cylindrical. 

form,   and   constitute   a    compact   epithelial 

int  inbrane.    The  lower  layer  (ik)  is  composed 

of  larger  roundish  and  loosely  arranged  cells 

in  several  layers.    The  former  is  the  primary 

out.  r  p  rm -layer,  the  latter  the  inner  layer. 

In    the    region    of    the   posterior   marginal 

i  idirc  (vl),  where  the  cells  are  at  the  same 

tiint-  engaged  in  more  active    proliferation, 

the   two   layers   are   continuous   with    each 

other. 

The  highly  important  processes,  by  means 
of  which  are  produced  the  conditions  repre- 
sented in  figs.  53  and  54,  present  many  points 
of  comparison  with  the  gastrulation  of  the 
Selachians  and  Amphibia.  We  can  conceive 
that  the  nrwlv  appearing  fissure  has  arisen, 
as  in  the  case  of  the  p-rin-disc  of  Pristiurus 
(fig.  50),  by  an  infolding,  in  Mich  a  way  that, 
as  in  the  former  case,  cells  grow  inward  from 
the  posterior  maririisal  rid^-:  and  that  at 
the  same  time,  at  the  deep  part  of  the  in- 
vairination.  the  cells  Mhich  are  originally 
continuous  with  the  yolk  (fig.  53  dk)  «1  -tat-h 
thrmsdvis  from  the  latter,  and  are  employed  for  the  increase  of  the 
inner  «:<  nu  layer. 

If  this  explanation  is  correct,  the  fissure  (ad)  which  now  exists  be- 
twccn  the  inner  germ-layer  and  the  floor  of  the  yolk  corresponds  to 
the  co?lenteron,  as  GOETTE  and  EAUBKH  have  already  remarked,  and 
as  DUVAL  has  for  the  first  time  demonstrated  ;  moreover,  the  cres- 
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centic  groove  (fig.  52  «)  corresponds  to  the  blastopore  ;  the  thickened 
portion  of  the  marginal  ridge  (fig.  53  vl)  which  lies  in  front  of  the 
cresctntic  groove,  within  whose  territory  the  two  primary  germ- 
layers  are  continuous  with  each  other,  is  the  anterior  or  dorsal  lip  of 
the  blastopore ;  and  the  yolk  (hi)  which  lies  behind  the  crescentic 
groove,  and  which  at  this  early  stage  contains  numerous  free  nuclei, 
may  be  designated  as  the  posterior  or  ventral  lip  of  the  blastopore. 

The       develop- 

v  ment     of     the 

ccelenteron  is- 
the  cause  of 
the  gradual  re- 
duction of  the 
cleavage  -  cav- 
ity, and  of  its 
persisting  only 
as  a  narrow  fis- 
sure separating 
the  primary 
germ-layers. 

The  points  of 
comp  arison 
with  the  gas- 

**%v.  *          ,*2W 

trula  of  Triton 
(fig.  47)  aiv 
made  evident 
as  soon  as  we 

Tig .  56.— Embryonic  fundament  of  Lacerta  agilit,  after  KUPFFER.  ,  , 

A/,  Area  pellucida  ;  d/,  area  opaca ;  «,  blartopore ;  s,  creacent ;  «,  em-    replace     the 
bryonic  »hield.     V,  anterior,  //,  posterior  end. 


of    yolk- 
cells   with    un- 
segmented  yolk,  and  imagine  nuclei  imbedded  in  the  latter  in  the 

D  of  the  ventral  lip  of  the  blastopore. 

Through  the  exposition  given  by  DUVAL,  it  appears  to  me  that  the 
contest  concerning  tin-  origin  of  the  two  primary  germ-layers  in 
Birds  has  been  happily  settled.  For  a  long  time  there  have  existed 
on  this  very  question  two  irreconcilable  views. 

According  to  tin •  <>M«  r  view,  to  which  many  investigators  still  cling, 
tit.  L"  Tin-disc  which  results  from  the  process  of  cleavage  is  divided  1>\ 
titsion  into  an  upper  and  a  lower  layer  (PANDER,  VON  BAER,  REMAK, 
K '.i.i.i K i  i;.  II  is,  and  others).  According  to  the  other  one  (HAECKEL, 
GoErn:.  I.'AI  HER,  DUVAL,  and  others),  the  lower  lay.r  has  arisen  by 
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an  infolding.  Only  l>y  mean-  of  tin-  tin-.. .-y  of  infolding  can  be  ex- 
plain* d  tin-  dill-  ivnt  conditions  of  the  anterior  and 

ol  tin-  _T'  mi-disc,  tip-  mop-  active  tvll-irrowth  in  '!"'  t.-rniory  of  the 
ui.  i  he  <xi-t.nc-'  of  a  crescentic  groove,  ami  tin-  continuity 
of  the  two  primary  «,'.-nn  lay.  rs  which  is  .1  -moi-st  rable  in  tliat 
r.LMon.  Only  by  menus  of  this  theory,  finally,  is  tin-  relation  of 
Birds  to  i  he  lower  cl;  ss-js  of  the  Vertebrates  ma. I.-  j>o>.-iMr. 

The  difiCOVeriea  which  Ki  I-ITKK  r\i>  I:I:M:«  KI:  liave  made  in  their 
inv.  st  illations  of  R"ptili  s,  which  are  so  closely  related  to  Bird-. 
contribute  to  the  elucidation  of  the  pending  controversy.  In  the  case 
icerta  agilis  (fig,  55),  Einys  europwa.  etc.,  th«-r.'  i-  foiiml.  afl  in 
the  cas?  of  the  Hen  at  a  corresponding  stage  of  development,  at  the 
boundary  of  the  pellucid  and  opaque  areas  of  the  posterior  end  of 
th<  ^.Tin-disc,  an  i-xubcrnnt  cell-growth  in  the  form  of  a  crescent  (a). 
In  the  middle  plane  and  slightly  in  front  of  this  crescent  there  is 
to  be  seen  a  sttntll,  transversely  placed,  fissure-like  </></iing(u),  //•/,/', ~/t 

t  into  a  blind  sac  and  is  comparable  to  the  crescentic  groove. 
Ki  i  i  i  1:1;  i-iii'htly  interprets  the  opening  as  the  blastopore,  which  is 
.  IK  losed  between  an  anterior  and  a  posterior  lip,  and  the  cavity  as- 
the  cu'h-ntt'roii.  He  also  draws  a  comparison  between  the  corre- 

iding  structures  in  Birds  and  Reptiles.* 
Let  us  now  direct  our  attention  to  the  succeeding  developmental 

«  s  of  the  germ-disc  of  the  Chick.  These  con-i-' .  chiefly,  in. 
a  constant  incr.  a-  •  of  the  superficial  extent  of  the  disc. 

In  tin-  freshly  laid,  unincubated  egg  (fig.  54)  the  outer  germ-layer 
(«/i)  is  composed  of  a  single  sheet  of  closely  united  cylindrical  cells  ; 
tin-  inner  layer  (ik),  on  the  contrary,  consists  of  a  two-layered  to 
tin-.  »•  lay.  r.  .1  bed  of  somewhat  flattened  elements,  which  are  only 

loos,  ly  associated. 

I'ndi  r  the  influence  of  incubation  the  superficial  extension  of  the 

ir«  nu-disc  makes  rapid  advances  (fig.  56).     In  this  process  tin  outer 

.-layer  (ak)  OiUMiip-  tin-  inn-  r,  and  t«  rininat.  s  in  a  ivirion  »>t  the 

*  In  the  interpretation  of  the  manner  in  which  the  invauinatiuii  t 
in  the  case  of  the  eggs  of  Reptiles  and   I'.inl-,  I  differ  from  other  investigators 

also    maintain    that    a   irastiulation    takes  place    (< 

HA  i"  HER,  BALFOUlJ,  and  others).  They  reirard  the  whole  in  ir^in  of  the  germ- 
cUac  as  the  blastopore,  al  which  the  outer  trerm-layer  bends  over  to  become 
.  untinuous  with  tin-  inner  layer.  Ai-ennling  to  my  intorpretation.  the  invagina- 
tion  occurs  at  a  small  circumscril)id  place  of  •  :.  T'ne  blastopore  is 

irom  the  betrinning  surrounded  by  cells  both  on  its  anterior  aid  it>  p  isterior  lip. 
The  relation  of  the  blastopore  as  well  as  that  of  the  geim-layers  to  the  yolk 
will  be  more  fully  dealt  with  hereafter. 

7 


98 


EMBRYOLOGY. 


yolk  where  the  latter 
has  not  yet  undergone 
division  into  entodermic 
cells.  In  the  form  of 
its  cells  it  is,  in  every 
respect,  in  sharp  con- 
trast with  the  inner 
layer.  While  the  ccto- 
dermic  c?lls  (fig.  56  ak) 
attain  their  greatest 
height  in  the  middle 
of  the  germ-disc,  they 
gradually  decrease  in 
height  toward  the  mar- 
gin, and  undergo  a 
transition  into  cubical 
and  finally  into  flat- 
tened elements  (fig.  57). 
The  reverse  is  the  case 
with  the  inner  germ- 
layer ;  the  latter  has 
now  become  converted  in 
the  middle  of  the  germ- 
disc  (fig.  56  ik]  into  n 
single  layer  of  much 
flattened  scale-like  cells, 
which  are  clos?ly  united 
into  a  thin  membrane. 
Toward  the  p-rij 
they  become  somewhat 
larger  and  more  poly- 
gonal (fig.  57),  and  h«-iv. 
at  some  distance  inside 
the  free  margin  of  the 
outer  germ-layer,  they 
become  merged  in  iln- 
whit-  yolk  ('/*/•).  which 
is  abundantly  provi  1  >  <1 
with  yolk-nurli  i  (<lk)  in 
t  In  region  of  the  transi- 
tion. Thi->  ivgion  of  the 
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yolk  is  d.-i_rnat'd  as  tii--  y«  Ik  wall  (vitellim»  rampart).  It  serves 
for  the  augmentation  of  t  lie  inii'-r  germ-layer,  in  that  the  free 
nuclei  incna>e  in  number  by  di\  i>i»>n,  and  k--<  p  up  tin-  process  of 
Mippli  meniary  cleavage  already  mentioned. 

During  incubation  tlie  liquefaction  of  the  yolk  makes  further  pro- 
dig.  5G)  and  leads  to  tin-  formation  of  a  depression  (ttt/),  which 
<-ontinually  incn  a-,  s  in  depth  and  bn  adth,  and  over  which  the  g.  rm- 
arche>  lik  •  a  watch-glass.     Upon  examination  from  the  surface 
i--  middle,  as  far  MS  the  fluid  r. -aches  und -r  it,  appears  clear  and 
transhuv  nt,  whereas  the   marginal    area,  which  lies  upon  the  opaque 
yolk,  appears  dark.     Such  a  distinction  is  still  more  observable  when 

One      (Itachts      the      whole  ^ 

germ-disc  from  the  yolk,  fl*^*™*^^ 
for  in  the  region  of  the 
thud-tilled  >pace  the  thin 
and  transparent  germ- 
la  vers  come  oil'  easily  and 
cl«an  from  tluir  substra- 
tum, whereas  at  the  rim, 
from  the  point  where  the 
inner  g<  rm-layc  r  merges 
with  the  yolk-wall  out- 
ward, tin-bid  yolk-substance  remains  clinging  to  the  germ  disc.  For 
a  long  time  the  middle,  clear,  circular  ana  has  been  designated 
in  embryology  as  the  clear  germinal  area  (area  pellucida),  and  the 
more  cloudy,  ring-like  rim  as  the  opaque  germinal  area  (area  opaca). 

In  the  next  chapter  I  shall  treat  more  in  extenso  of  the  important 
changes  which  take  place — up  to  the  time  when  the  egg  is  laid 
and  during  the  first  hours  of  incubation — in  the  vicinity  of  the 
crescentic  groove  and  the  anterior  lip  of  the  blastopore,  because  they 
are  connect  d  with  the  development  of  the  middle  germ-layer. 

It  is  still  more  difficult  than   in   the  case  of  the  Chick  to  interpret 

in  its  details  the  development  of  the  germ-layw*  in  Mammals^  and  to 

refer  it  back  to  the  gastrulation  of  the  other  Vertehrat  •>.      K.-p  rial 

ice  has  been  rendered  through  the  painstaking  inv«  stigation  of 

these  conditions :  in  the  earlier  times  by  BISCHOFF,  in  later  years  by 

IllNSEN,    LlEBERKUHN,  VAN    BfiNEDEN,    KoLLIKER,    and    HfiAPE.       The 

object  of  im»  stigation  which  has  been  made  use  of  in  this  work,  and 
which  we  shall  «  mploy  as  the  basis  of  our  description,  has  usually 
been  the  Rabbit  ;  besides  this,  the  Bat  and  the  Mole  have  also  been 
employed. 


Fig.  57.— Section  through  the  margin  of  the  germ-diao 
of  a  Hen's  egg  that  had  been  incubated  for  six 
hours,  after  Duv  \i  . 

ak,  Outer  germ-layer ;  dz,  yolk-cells ;  dk,  yolk-nuclei ; 
dw,  yolk-wall. 
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While  the  Mammalian  egg  is  gradually  impelled  through  the 
oviduct  toward  the  uterus  by  the  ciliary  motion  of  the  epithelium,  it 
becomes  converted  by  the  cleavage  process  into  a  spherical  mass  of 
small  cells  (fig.  58  A).  Then  there  arises  within  it,  by  the  secretion 
of  a  fluid,  a  small  fissure- like  cleavage-cavity  (fig.  58  B).  The  germ 
has  consequently  entered  upon  the  vesicular  or  blastula  stage.  The 
wall  of  the  blastula,  or  vesicula  blastodermica,  is  composed  of  a 
single  layer  of  polygonal  cells,  arranged,  as  has  been  known  since 
BISCHOFF'S  works,  in  mosaic,  with  the  exception  of  a  small  region, 
where  the  wall,  as  in  the  case  of  the  Amphibian  blastula,  is  thickened 
by  an  accumulation  of  somewhat  more  granular  and  darker  cells, 


Fig.  68.— Optical  sections  of  a  Babbit's  egg  in  two  stages  immediately  following  cleavage,  after 
ED.  v.  BENEDEN.    Copied  from  BALFOUR'S  "Comparative  Embryology." 

A,  Solid  cell-maw  resulting  from  cleavage. 

B,  Development  of  the  blastula  by  the  formation  of  a  cleavage-cavity  in  the  cell-mass.    (According 

to  VAN  HEN  EDEN'S  interpretation,  ep  is  epiblast ;  hy,  liypoblaat ;  bp,  blastopore.) 

which  produce  a  knob-like  elevation  that  projects  far  into  the 
cleavage-cavity. 

A  peculiarity  preeminently  characteristic  of  the  further  develop- 
ment of  Mammals  is  that  here,  as  in  no  other  Vertebrate,  the 
blastula  increases  enormously  in  size  (fig.  59),  by  the  accumulation 
of  fluid  which  contains  much  albumen  and  produces  a  granular 
coagulum  upon  the  addition  of  alcohol ;  it  soon  acquires  a  diameter 
of  1*0  mm.  Of  course,  with  these  processes  of  growth  the  zona 
pellucida  is  altered  and  distended  into  a  thin  membrane.  A  gela- 
tinous layer  (zp)  already  secreted  by  the  oviduct  envelops  .  the 
latter. 

In  Rabbits'  eggs  which  are  a  millimetre  in  diameter  the  wall  of 
the  blastula  has  become  very  thin.  The  m<»air-lik»  cell-  arranged 
in  a  single  layer  have  become  very  much  flattened.  Also  the  knob 
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of  celN,  which  project*  into  the  cleavage-cavity,  has  become  meta- 

m.'i-phoM-d     and     has     spread     it>elf     out     more     and    more    in    the 
form  of   a  disc-like  plate,   which    is   continuous   at   its   attenuated 

margins  with  1  he  thin 
wall  «»f  the  l.lastnla. 

Tin-  further  processes 
of  development  take 
pl:;<v  principally  in 
this  plate.  Its  HUM 
superficial  cells  are 
flattened  out  to  thin 
scales,  such  as  also 
form  the  wall  of  the 
l>la>tula  elsewhere;  its 
remaining  elements, 
on  the  contrary,  ar- 
ranged in  from  two 
to  three  superposed 
layers,  are  larger  and 
richer  in  protoplasm. 

Up  to  this  time  the 
embryo  of  the  Mammal 
is  in  the  blastula  stage. 
It  still   consists  everywhere  of  a  single  germ-layer.     For  the  view 
which  has  been  advanced  by  many  persons,  that  the  germ-disc  in  this 


Fig.  59.— Rabbit's  egg,  70-90  hours  after  fertilisation,  after 
K  i ..  v.  BENEDEN.  Copied  from  BALFOUR'S  "  Comparative 
Km  bryology." 

bv,  Cavity  of  the  blastula ;  zp,  [gelatinous  layer  surrounding 
the]  zona  pellucida  ;  ep,  hy,  as  in  Fig.  58. 


Fig.  60.— Cross  section  through  the  almost  circular  germinal  area  of  a  Rabbit1  s  egg  6  days  and  9 

hours  old  (diameter  08  mm.),  after  BALKOCR. 
ak,  Outer,  i k,  inner  germ-layer.    The  section  shows  the  peculiar  character  of  the  upper  layer  with 

a  certain  number  of  flattened  superficial  cells.    Only  about  half  of  the  whole  breadth  of  the 

germinal  area  is  represented. 

stage  of  development  is  already  in  the  two-layered  condition,  and  that 
the  outer  layer  of  flat  cells  constitutes  the  outer  germ-layer  and  the 
more  protoplasmic  cells  lying  under  it  the  inner  germ-layer,  is,  in  my 
opinion,  untenable.  Opposed  to  this  are,  first,  the  fact  that  the  flat- 
tened and  the  thicker  cell-layers  are  firmly  joined  together  and 
are  not  separated  from  each  other  even  by  the  narrowest  fissure, 
and,  secondly,  the  further  course  of  the  development.* 

*  Holding  to  this  interpretation,  I  am  of  course  also  unable  to  agree  with  a 
view  of  VAN  BENEDEN'S,  according  to  which  the  gastrulation  takes  place  at  the 
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Two  germ-layers  first  appear  in 
which  have  already  attained  a  diameter  of 
more  than  1  mm.  and  are  about  five  days 
old.  At  the  place  where  the  cell  plate  pre- 
viously lay,  one  sees  by  inspection  from  the 
surface  a  whitish  spot,  which  is  at  first 
round,  but  later  becomes  oval  or  pear  shaped. 
It  is  generally  designated  at  this  stage  as 
area  embryonalis,  or  as  embryonic  spot.  It 
consists  of  two  germ-layers  (fig.  60),  which 
are  separated  by  a  distinct  fissure,  and  may 
be  detached  from  each  other.  The  inner 
germ-layer  (ik)  is  a  single  sheet  of  greatly 
flattened  cells.  The  outer  germ-layer  (ak), 
on  the  contrary,  is  considerably  thicker,  and 
shows  that  it  is  composed  of  two  sheets  of 
cells  :  (1)  a  deeper  layer  of  cubical  or  round- 
ish, larger  elements,  and  (2)  a  superficial 
layer  of  isolated  flatter  cells,  which  were  first 
accurately  described  by  RAUBER,  and  which 
have  been  named  after  him  RAUBER'S  layer. 
Toward  the  margins  of  the  embryonic  spot 
the  outer  layer  becomes  thinner  and  pos- 
sesses only  a  single  layer  of  cells ;  these  are 
continuous  with  the  large  flattened  elements 
which,  as  we  have  seen,  alone  constitute  the 
greater  part  of  the  wall  of  the  sac  in  the 
blastula  stage.  The  inner  germ-layer  is 
at  first  developed  on  only  a  small  part  of 
the  wall  of  the  sac — at  the  embryonic  spot 
and  its  immediate  vicinity;  it  terminates 
with  a  free  notched  margin,  where  there 
are  to  be  found  loosely  associated  amoeboid 
cells,  which  by  their  increase  in  number  and 
migration  probably  cause  the  further  growth 


9*  I 

end  of  the  first  stages  of  cleavage.  He  interprets  in  the  originally  solid 
sphere  of  cells  (fig.  68-4)  the  darker  and  larger  centrally  located  elements 
(Ay)  as  entoderm,  the  layer  of  smaller  and  clearer  cells  (<T>)  surrounding  the 
latter  as  ectoderm,  and  a  small  vacuity  in  this  invest  ing  layer  as  the  blastopore 
(by).  I,  on  the  contrary,  believe  that  the  gastrulation  takes  place  in  the 
manner  described  on  page  104. 
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of  tin-  layer.  This  on  older  e^s  >lo\\ly  Spread-  ii>  If  from  the 
embryonic  >pot  to\\:trd  tin-  oppo>ite  pole,  and  therel.v  the  whole 
blaMi'drniiic  \vsicle  gradually  becomes  two-layered.  While,  this  is 
taking  place,  changes  also  proceed  at  the  embryonic  -pot.  wliich  baa 
Income  oval  and  somewhat  larger.  KAI  r.i:u's  layer  di>appears* 
dii:.  61);  the  underlying  cubical  or  spherical  cells  have  become 
cylindrical  and  more  closely  crowded  together.  Kach  of  the  prii 
germ  lay.  is  is  now  composed  of  a  single  layer  of  cells. 

The  two  accompanying  figures,  which  represent  in  two  different 
positions  a  Rabbit's  egg  seven  days  old,  will  serve  for  the  illustration 
of  these  conditions.  In  looking  down  from  above  (fig.  62  A)  one  sees 
the  embryonic  spot  (ag),  now  become  oval.  It  is  produced  exclusively 
by  a  definitely  limited  thickening  of  the  outer  germ-layer,  and  indi- 
Cates  the  place  at  which  th"  cells  are  cylindrical  ;  in  that  respect  it 
corresponds  to  the  embryonic  shield  of  reptilian  and  aviari  embryos, 
and  is  not  to  be  confounded  with  the  cell-plate  (fig.  59),  which  wa» 
described  as  a  thickening  of  the  one  layered  blastula.  In  l>«kimj  <it 
it  /rum  the  side  (fig.  62  jB)one  can  distinguish  on  the  blastula  three 
regions  :  (1)  the  embryonic  spot  (ag)}  (2)  a  region  which  includes  the 
upper  half  of  the  vesicle  and  reaches  to  the  line  ge,  in  which  the  wall 
i>  >till  composed  of  two  layers,  but  in  which  the  cells  of  both  the 
outer  and  inner  germ-layers  are  very  much  flattened ;  and  (3)  a  third 
portion  lying  below  the  line  ge,  where  the  wall  is  composed  exelu>iv»  ly 
of  the  outer  germ-layer. 

There  now  ari-es  the  important  question,  in  wl  at  manner  the  two- 
layered  condition  in  Mammals  arises  out  of  the  single-layered  form. 
One  has  reason  to  expect  that  gastrulat  ion  takes  place  h.  re  in 
the  same  way  as  with  the  remaining  Vertebrates,  by  means  of  an 
invalidation  or  an  ingression  of  cells  wliich  proceeds  from  a  definite 
territory  of  the  thickened  cell-plate  of  the  blast ula  :  in  this  con- 
nection attention  must  he  directed  to  the  posteiior  end  of  the 
embryonic  spot. 

When  the  embryonic  spot  has  acijuin-d  a  pear-shaped  appearance 

(fig.  63),  there  is  at  its  post \  rior  end  a  >omewhat  l«->s  tiai:>paivnt. 
1.  cau.-e  thickened,  place  (/<"').  which  K<>U.IKI;U  has  -leMirnated 
the  terminal  ridge  (Kndwul.M).  It  is  comparable  with  the  opacity 

*  Two  views  are  held  concerning  the  manner  in   wliich    I 
disappears.     According  to  BALFOUR  :in«l   UKAPI:.  the  Hat  cells  become  meta- 
morphosed  into   cylindrical  cells,  which  are  interposed   between   the   other 
cylindrical  cells  ;  according  to  K««I.LIKI:K,  on  the  centruiy,  they  di>interrate 
and  dis-appear. 
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at  the  posterior  margin  of  the  germ-disc  of  Reptiles  and  Birds,  when 
their  gastrulation   begins.     An  invagination  proceeding  from  this 

point,  such  as  DUVAL  has 
established  for  the  Chick, 
is  unfortunately  not  as 
yet  proven  with  sufficient 
certainty  in  the  case 
of  Mammals ;  the  origin 
of  the  two-layered  stage 
is  also  still  involved  in 
obscurity. 

However,  there  are  in 
the  literature  some  observa- 
tions, which,  fragmentary 
as  they  are,  appear  to  me 
to  be  worthy  of  special 
regard. 

At  the  stage  at  which 
the  blastula  has  become 
for  a  certain  distance  two- 
layered  (fig.  62),  there  has 
been  discovered  by  HE  APE 
in  the  case  of  the  Mole,  by 
SELENKA  in  the  Opossum, 
and  by  KEIBEL  in  the 
Babbit,  at  one  place  of 
the  embryonic  spot  (pro- 
bably in  the  region  just 
described  as  terminal  ridge), 
a  small  opening  (fig.  64  ?/), 
which  is  possibly  to  b< 
terpreted  as  blastopore  and 
to  be  compared  with 
crescentic  groove  of  Birds. 
Here  the  two  primary  </• 
layers  are  continuous  with 
each  other,  and  from  here,  as  well  as  from  the  primitive  streak,  the 
middle  germ-layer  takes  its  origin.  I  assume  that,  beginning  at 
this  place,  the  lower  germ-layer  has  in  a  «////  «n!ier  stage  been 
developed  by  an  infolding  of  a  small  territory  of  the  single-layered 
blastula  (fig.  59). 


Fig.  62.  Blastula  of  the  Rabbit  7  days  old  without  the 
outer  egg-  membranes.  Length  44  mm.  After 
KOLUKKR.  Magnified  10  diameters. 

Been  in  A  from  above,  in  ll  from  the  side. 

og,  Embryonic  spot  (area  embryonalia) ;  (it,  the  line 
up  to  which  the  blastula  is  two-layered. 
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One  circumstance  i>  .-j.ecially  charact<vi>t  ic  of  the  g.-tstnil  i 
Mammals:  that  the  invaginat  ing 
membrane  is  not  a  closed  blind  sac, 
but  pi»s>»'N>os  a  free  margin,  with 
which  it  gr<iw>  :il«>ng  mi  the  inner 
Mu-face  of  tho  outer  germ-layer, 
until  it  has  completely  lined  tho 
blastoderm  ic  vesicle.  The  reader 
will  please  compare  with  this  the 
si  at.  ments  on  page  102.  But  the 
absence  of  a  ventral  closure  becomes 
intelligible,  when  wo  imagine  that 
the  yolk-mass,  which  constitutes  in 
meroblastic  eggs  or  in  Amphibian 
the  floor  of  the  coelenteron, 
has  degenerated  and  wholly  disap- 
peared. In  this  case  crelenteron 
and  cleavage-cavity  become  one 
and  the  game,  as  is  the  case  with 
Mammals. 

Moreover  we  are  induced  to  as- 
sume that  in  the  eggs  of  Mammals  a 
iviriv»ive  metamorphosis  of  origin- 
ally abundant  yolk-contents  must  have  taken  place,  on  account  of 
many  phenomena  in  their  development,  which  would  be  unintelligible 

x^ 


Fig.  63. — Fear-shaped  embryonic  spot  of  a 
Rabbit's  egg  6  days  and  18  hours  old, 
after  KOLLIKER. 

ps,  Short  primitive  streak ;  hw,  crescent- 
shaped  terminal  ridge  ;  V,  anterior, 
H,  posterior  end. 


Fig.  64.— Median  section  of  the  embryonic  fundament  of  a  Mole's  egg  through  that  part  in 
which  tke  primitive  streak  has  begun  to  be  formed,  nft.T  HKAPE. 

•••pore;  ak,  outer,  iX-,  iiuifi  •„••  -im  -1  :iy.-r  ;    1",  .-interior,  //,  posterior  end. 

without  this  assumption.     These  phenomena  will  bo  con>idei\d  more 
at  length  in  a  subsequent  chapter. 
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CHAPTER   VI. 

DEVELOPMENT  OF  THE  TWO  MIDDLE  GERM-LAYERS. 
(CCELOM-THEORY.)  * 

AFTER  the  completion  of  the  gastrula  stage  the  processes  of  develop- 
ment become  more  and  more  complicated,  so  that  the  attention  of  the 
observer  from  this  time  on  must  be  directed  to  a  series  of  changes 
which  take  place  at  the  same  time  and  in  various  parts  of  the 
embryo.  For  a  transformation  now  ensues,  due  to  the  simultaneous 
folding  of  both  the  inner  and  outer  germ-layers,  whereby  four  new 
chief  organs  of  the  vertebrate  body  are  called  into  existence.  Out 
of  the  inner  primary  germ-layer  arise  (1)  the  two  middle  germ-layers, 
which  enclose  between  them  the  body-cavity ;  (2)  the  secondary  en- 
toderm  or  entoblast  (Darmdriisenblatt),  which  lines  the  secondary 
intestine  of  vertebrated  animals  ;  and  (3)  the  fundament  of  the  axial 
skeleton,  the  chorda  dorsalis,  or  notochord.  At  the  same  time  there 
is  developed  from  the  outer  germ-layer,  as  its  only  system  of  organs, 
the  fundament  of  the  central  nervous  system.  Since  these  four  pro- 
cesses in  the  development  are  in  part  most  intimately  involved  in 
one  another,  they  cannot  be  separated  in  their  treatment. 

Here  again  we  have  to  do  with  a  problem  which  is  one  of  the 
most  difficult  in  the  embryology  of  vertebrated  animals — the 
history  of  the  development  of  the  two  middle  germ-layers.  Not- 
withstanding a  voluminous  literature  which  has  grown  out  of  this 
theme,  there  are  many  conditions,  especially  among  the  higher 
classes  of  Vertebrata,  which  are  not  yet  explained  in  an  entirely 
satisfactory  manner.  We  shall  therefore  enter  somewhat  more 
minutely  into  this  topic,  which,  like  the  question  as  to  the  origin  of 
the  two  primary  germ-layers,  possesses  a  fundamental  significance 
for  the  comprehension  of  the  organisation  of  Vertebrates. 

The  presentation  of  what  follows  will  be  t-sM-ntially  facilitate  <1.  if 
we  allow  ourselves  a  short  digression  into  the  history  of  the  develop- 
ment of  the  Invertebrata,  and  take  umW  consider ation  a  case  in  which 
the  middle  germ-layers  and  the  body-cavity  are  established  in  a 

ner  similar  to  that  which  obtains  in  the  case  of  VerteV>i 
but  which  is  easier  to  investigate  and  to  understand     Such   an 

*  In  fig8.  06-89  the  individual  germ-layers  are  represented  in  different  deptLs 
of  shade,  so  as  to  make  their  relations  to  one  another  more  evident.  The 
middle  germ-layer  is  darkest. 
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example   i-   presented   to  us  in  the  dmdopment 

(Sagitta)  or  ChcetognatAO}  oincemini:  which  oi>-M-vations  have  been 

puhli>hed  liy   K'i\\  M.I:\SKV,   I  Ji  TN.-HI.I.  and  l  he  ant  h<>r. 

After  the  process  of  cirri vage  there  arises  a  typical  1. last  u la,  which 

after    >ome    time   is   converted    int.)  a    tyj.i.-al    «;a>trula.      While  the 

latter  elongates  t  wo  folds  ot'  tin-  inner  L'erm-layer  arise  at  the  bottom 

be  cd'lenteron,  and  grow    up   parallel  to  each  other  (fig.   65). 


ak 


Ih 

nk- 


Fig.  65. 


V 
Flf, 

Fig.  65.  -A    sUge    in    the    development  of   Sajitti,   afc^-r    KOWALEVSKY,   from    BALKOCR'* 


l..ir_'itudiii:il  siv-tion  through  a  gastrula  at  the  beginning  of  the  formation  of  the 
body-' 

ith  ;  at,  alimentary  cavity  ;  pv,  body  -cavity  ;  bl.p,  blastopore. 

Fig.  66.  —Optical  cross  section  through  a  larva  of  Sagitti. 

•  |.  :u;itr  -I  liy  nuMiis  of  two  folds,  which  protrude  from  its  ventral  wall  (F)f 
into  the  intestinal  canal  proj)er  and  the  two  lateral  body-cavities  (i/t),  all  of  which  are  still 
in  communication  with  one  another  on  the  dorsal  side  (5). 

.I  Mile;   r,  ventral  side;  ak,  outer,  ik,  inner  germ-layer  ;  ink1,  parietal,  ink*,  \: 
middle  layer  ;  Ih,  body-. 

^row  larger  and  larger,  and  at  the  same  time  stretch  over  on  to 
the  ventral  wall  of  the  larva.  From  here  the  free  edges  finally  g 
on  the  one  hand  up  to  the  dor>al  wall,  on  the  other  up  to  the 
l.la^topore,  and  thereby  completely  divide  the  calenteron  ii. 
middle  and  two  lateral  >paces  (tii:.  lii',  Ih).  which  for  a  time  communi- 
cate with  each  other  near  the  blastopore  and  alon^  the  subsequent 
do:  sum  (/))  of  the  embryo.  After  a  short  time  this  communication 
is  lost  ;  the  blastopore  becomes  closed,  and  the  edires  of  the  folds 
fuse  with  the  adjacent  surfaces  of  the  coelenteron.  Of  the  three- 
cavities  the  middle  becomes  that  of  the  permanent  intestinal  tube,  the 
two  lateral  ones  (Ui)  become  those  of  the  two  body-cavity  sacs  which 
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separate  the  intestine  from  the  wall  of  the  body.  They  appropri- 
ately take  the  name  enterocod,  since  they  are  formed  from  the  coelen- 
teron  by  a  process  of  constriction,  and  are  genetically  distinguishable 
from  other  cavities  which  arise  in  other  animals  between  the  wall  of 
the  intestine  and  that  of  the  body  by  simple  splitting,  and  to  which 
is  given  the  name  jissiccd  or  schizoccel. 

By  the  process  of  infolding  the  number  of  the  germ-layers  in  Sagitta 
has  been  increased  from  two  to  three.  The  primary  inner  germ-layer 
is  thereby  divided  into  (1)  a  cell-layer  (ik)  which  lines  the  intestinal 
tube,  and  (2)  a  cell-layer  which  serves  to  enclose  the  two  body-ca\ 
(mkl  and  ra&2).  The  first  is  designated  as  the  secondary  inner  germ- 
layer  or  entoblast,  the  second  as  the  middle  germ-layer  (mesoblast). 
One  part  of  the  latter  is  adjacent  to  the 
outer  germ-layer,  the  other  part  to  the 
intestinal  tube  ;  accordingly  the  division 
is  carried  still  further  —  into  a  parietal 
(mk1)  and  a  visceral  layer  (mkz)  of  the  meso- 
blast. For  the  sake  of  brevity  the  former 
may  be  called  the  parietal  (mk1),  the  latter 
the  visceral  .(mk-)  middle  layer.  Conse- 
quently, one  may  now  speak  of  two  middle 
fig  (^.-Diagrammatic  cross  sec-  germ-layers  instead  of  one.  the  total  number 

tion  through  a  young  Sagitta. 

dM,  Dorsal,  vM,  ventral  mesen-     of  the  germ-layers  being,  naturally,  raised 


yvi>  r    rtyJ     ^  ^'5  /™»  three  to  four. 

body-cavity;  ak,  outer,  ik,         y  J  J 

inner  germ-layer  ;  mk1,  parietal,  In   regard  to    the  COlirse  of   the  further 

development  it  may  be  stated  that,  while 
the  larva  elongates  into  a  worm-like  body, 

the  two  body-sacs  (fig.  67  lh)  are  increased  to  a  greater  extent 
than  the  intestinal  tube  (ah)  which  they  embrace.  They  everywhere 
crowd  the  latter  away  from  the  wall  of  the  body,  grow  around  it 
from  above  and  below,  where  their  thin  walls  come  into  direct  con- 
tact. By  the  fusion  of  the  two  body-sacs  along  their  surfaces  of 
contact  there  are  formed  two  delicate  membranes,  a  dorsal  (<1  M  ) 
and  a  ventral  (vM)  mesentery,  by  means  of  which  the  intestinal  tube 
is  attached  to  the  dorsal  wall  and  to  the  ventral  wall  of  tin- 
trunk. 

Processes  very  similar  to  those  of  Sagitta  occur  in  the  development 
of  Vertebrata  also,  but  in  the  latter  case  they  are  combined  with 
the  development  of  the  neural  tube  and  the  chorda  dorsalis.  In  the 
presentation  of  these  we  shall  proceed  as  in  the  foregoing  chapter, 
which  treated  of  the  formation  of  the  gastrula,  and  consider  separately 
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-,^-i-  •.-!-«:  ^~— 
'-     - 


the  proce»e>  in  An,phi...\u>.  Ain|.lii!.i:i.  Selachian^     :  Main- 

n. a  U.  >ince  they  ditl'er  somewhat  from  one  another. 

'/'/!••  Itistin-ji  •  >/(/«•  ih'ri'lo/.i,  ///*// /«M-//-  'iw  \&  very  in- 

structive,    Tin-  gaMrula  elo:i^;,<  be  c.i-l.Miter,,n  i-  n. 

a  little  to  wards  the  future  dorsal  surface,  ami  here  ten  :i  the 

hla-top,, re.  which    marks    the   i'uttin-   liiml  end    of   t  he  \\  -  .mi  -haped 

body.     Then    tin'   dorsal    surface  becomes  somewhat    flatt-ned;    the 

cells  in  this  region  increase  in  ln-i^ht,  1-  iimlriral,  ami  lurm 
the  m.-dullai-y  or  nnnal  plate  (fi.ir.  I'.'.)  ////<).  By  a  -li.L'ht  int'.»ldi! 

the  latter,  there  arises  a  medullary  which  for, 

»f  of  the 

ecdenteron     in            '*  dk      ttS'u<A    »  uth  mk            <* 
the  form  of  a 
ii»h:o  (c/<).     At 

the  J.lace  \\here 
the  thickened 
medullary 

j'late    joins    tin' 

small -celled 

{•art  of  the 
outer  germ- 
layer,  or  the 

horn-layer  (A6), 

an  interruption 
in  the  continu- 
ity now  takes  place,  and  the  epidermis  grows  over  the  curve.! 
neural  plate  from  both  sides,  until  its  halves  meet  in  the  middle 
line  and  l'u>e.  Thus  there  arises  along  the  back  of  the  embryo 
7")  ;,  canal,  the  lower  wall  of  which  is  formed  by  the  curved 
medullary  plate  (m/i).  and  the  upper  wall  by  the  overgrowing  e  pi - 
der,ni>  (<//,).  It  i>  only  at  a  later  >tage  that  the  medullary  plate  in 
Amphioxu.x,  lying  under  the  »  pidermi.-.  i>  converted  into  a  neural  tube 
(tig.  7'J  //)  )>y  the  luMiding  up  of  it-  e.l^e-  and  their  t'u-ion.  As  tlu- 
fui'.dainent  of  the  nervous  system  Ixvom,  -.  differentiated,  it  extends 

a  toward  the  posterior  'lie  emhryo,  that   the  l.la^topore, 

which  is  located   there,  still  falls  within   it>   b  and   with   the 

clo-ure  of  the  neural  tube  is  indude.l  within  the  lie  latter 

In  this  manner  it  occurs  that  neural  tuhe  and  inte>tinal  tube,  as 
KONSAI. KVXKV  first  observed,  are  now,  by  mean**  of  the  l.la-toj>ore, 
in  continuity  (tig.  68  en)  at  the  po»teri«r  end  of  the  body.  The  two 
together  constitute  a  canal  composed  of  two  arms,  the  form  of  which 


Fig.  68.— Optical  longitudinal  [sagittal]  section  through  an  embryo  of 
Amphiozus  with  five  primitive  segments,  K. 

T,  Ant.-ii..r.  //.  ]<  'He  germ-layer;  dh, 

inU'stiii:il  cavity  ;  n,  neural  tube  ;  en,  neurenteric  canal ;  u«',  first 

pin..  -,t  ;  uih,  cavity  of  primitive  scgn 
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mp 


•Ol 


oJt 


Fig.  69.— Cross  section  of  an  Amphiozus  embryo,  in 

which  the  first  primitive  segment  is  being  formed, 

after  HATSCHEK. 
at,  Outer,  ik,  inner,  mk,  middle  germ-layer  ;  hb, 

epidermis  ;  mp,  medullary  plate ;  ch,  chorda ; 

*,  evagination  of  the  ccelenteron. 


is  comparable  with  a  siphon.     The  upper  arm,  which  is  the  neural 
tube,  continues,  for  a  time,  to  open  to  the  outside  world  at  its 

anterior  end.  The  bent  por- 
tion of  the  siphon,  or  the 
blastoporic  region,  by  means 
of  which  the  neural  and  the 
intestinal  tube  are  united,  is 
called  canalis  neurentericus 
(fig.  68  en),  a  structure  which 
we  shall  again  encounter  in 
the  development  of  the  re- 
maining Vertebrata. 

Simultaneously  with  the 
neural  tube  are  developed 
the  two  middle  germ-layers 
and  the  chorda  dorsalis  (figs. 
69  and  70).  At  the  front 
end  of  the  embryo  there 
arise  in  the  roof  of  the 

ccelenteron  close  to  each  other  two  small  evaginations,  the  body-sacs 
(ink),  which  grow  dorsally  and  laterally  at  either  side  of  the 
curved  medullary  groove. 
These  are  slowly  enlarged,  ak 
since  the  process  of  evagina-  mp 
tion  progresses  from  the  an- 
terior toward  the  posterior 
end  of  the  larva,  and  finally 
reaches  the  blastopore.  The 
narrow  strip  of  the  wall  of 
the  coelenteron  which  is  found 
between  them  and  separating 
them  (its  limits  marked  by 
two  stars  *  *  in  figs.  69  and 
70),  and  which  lies  under 
the  middle  of  the  medullary 
groove,  represents  the  funda- 
ment of  the  chorda  (ch). 

The   primary    inner  germ- 
layer  therefore  has  now  undergone  division  into  four  different  parts : 
(1)  the  fundament  of  the  chorda  (ch),  (2)  and  (3)  the  cells  (mk)  which 
line  tfie  two  body-sacs  (Ih)  and  represent  tJie  middle  germ-layer,  and 


mk  - 

ch    »- 


, —     Ih 


Fig.  70.— Cross  section  of  an  Amphioxus  embryo, 
in  which  the  fifth  primitive  segment  is  in 
process  of  formation,  aft.  i 

a*-,  Outer,  ik,  inner,  mk,  middle  germ  layer 

medullary  plate;  ch,  chorda;  *,  evagination 
of  the  coelenteron  ;  dA,  intestinal  cavity  ;  Ih, 
body-cavity. 
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iriittit/tkftin''  in  to  bed' 

,-,)i  (Darmdrtisenblati  > 

Tin-  succeedim:  prooessea  of  development   have  as  their  ob 
point  the  detachment  From  one  another,  by  mi  .and 

fu>ion,  of  the  parts  \\hich  are  still   in  cont  inuii  y.  and  tin*   torn... 
of   discrete   cavities.       The    process's   of   constriction    heiri- 
anterior  end   of   tin-  embryo,  and   progress   tlience   to  the  bl;i-i 
(liurs.  To  au<l  71).     At  first  the  l»utly  -;tt-s  become  deeper  (tiir.  7u  ///), 


-     J/i 


Fig.  71.  -Cross  section  through  an  Amphioxus  emhryo  with  five  well-developed  primitive  seg- 
ments, :in.-r  HATSCHEK. 
at,  Outer,   it-,   inner,   ink;  niiildle  germ  l:i\i-i •;  ),•/',  ineilullarv   i>l;it<- ;  eft ,  chorda ;  dh,  intestinal 

i\  ity. 

Fig.  72.  -Cross  section  through  the  middle  of  the  body  of  an  Amphioxus  embryo  with  clever 

primitive  segments,  after  H.vrsriiK.K. 
;;,  Neural  tube;  us,  primitive  segment.     F.-r  "f  the  other  letters  see  Fig.  71. 


and  tlu'ii  lost'tht-ir  cmuici-t ion  \vitli  tlio  main  cavity  (////)  Itythe  close 
appo-iiioii  of  the  cells  \vhie-h  Mirround  tin-  mtramvs  to  tlit-in  (1'iL1'. 
r.y  this  proc»-»  th«-  iiiai'irin  of  the  secondary  iMitodfrni  (//.')  OOmi 
abut  directly  on  the  margin  of  the  chorda!  fun  /  •//).     The 

latt.-r  has  lut-ainvhile  also  und"ri:»:i«'  rhan.ir«'s  ;  the  plate-like  fu 
iinMit  lias  become  SO  curved  by  tin1  elevation  «-t'  it>  lateral  mar 
that  there  has  arisen  a  d«  e;>  chordal  \\  Inch  is  open  alon. 

ventral  side.  Subsequently  the  lateral  \\alU  <  t  the  groove  come  into 
close  contact .  and  are  tln'reby  o»nvert«-d  into  a  -"lid  n»  1  of  cells,  which 
teni|«)rarily  >hai'e>  in  the  rlosure  «.f  the  roof  of  the  secondary  intestine. 
and  aj.j>rar>  ftSj  a  rid.u'e-like  thickening  of  the  latt. 
rod  (c/<)  becomes  detache.l  (ti_i:.  7_)  from  the  wall  of  the  intestine  ;  the 
latter  now.  for  the  first  time,  becomes  completely  closed  in  the  form 
of  a  *mbe.  To  effect  this  the  margii  entodenn,  indicated  in 
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fig.  70  by  stars  (  *  *),  grow  toward  each  other  under  the  chorda  and 
fuse  into  a  median  raphe. 

The  final  result  of  all  these  processes  is  shown  in  the  cross  section 
fig.  72  :  the  original  coelenteron  has  become  divided  into  three  cavities 
— into  the  ventral  permanent  intestine  (dh),  and  into  the  two  body- 
cavities  (Ih),  which  are  situated  dorso-laterally  to  it,  and  which  con- 
tinue to  increase  in  size.  Between  these  there  has  been  interpolated 
the  chorda  (ch),  upon  which  the  intestine  abuts  below  and  the  neural 
tube  (n)  above.  The  cells  which  have  been  cut  off  from  the  coelen- 
teron by  constriction — and  which  are  more  deeply  shaded  in  figs.  69 
to  72,  and  enclose  the  body-cavities  (Ik) — constitute  the  middle 
germ-layer  (mk).  The  part  which  lies  in  contact  with  the  outer 
germ-layer  (fig.  72)  is  recognisable  as  the  parietal  middle  layer 
(mk1) ;  the  part  which  is  in  contact  with  the  neural  tube,  chorda, 
and  intestine  as  the  visceral  middle  layer  (mk2). 

Inasmuch  as  the  process  of  differentiation  just  described  begins, 
as  has  been  already  stated,  at  the  front  end  of  the  embryo  and 
extends  slowly  step  by  step  toward  the  hind  end,  by  an  examina- 
tion of  a  series  of  sections  one  may  follow  the  various  stages  of 
metamorphosis  on  a  single  object. 

In  the  description  given  I  have  presented  the  conditions  as  though 
in  Amphioxus  there  arose  two  simple  body-sacs,  one  on  either  side 
of  the  intestinal  tube.  The  processes  are,  however,  somewhat  more 
complicated,  for  in  the  case  of  the  embryo  of  fig.  70  the  body-sacs, 
while  increasing  in  size  posteriorly,  undergo  further  changes  in  the 
anterior  region,  and  through  repeated  infoldings  are  divided  into 
separate  compartments,  the  primitive  segments  (us),  which  lie  one 
behind  the  other.  I  content  myself  with  this  statement,  since  for 
didactic  reasons  I  shall  defer  the  treatment  of  the  development  of 
the  primitive  segments  until  I  come  to  a  subsequent  chapter. 

"While  in  the  case  of  Amphioxus  lanceolatus  there  is  no  doubt  but 
that  the  body-cavity  and  the  middle  germ-layer  are  formed  by  an  out- 
pocketing  of  the  wall  of  the  ccelenteron,  opinions  upon  the  origin  of  the 
same  parts  in  the  case  of  the  remaining  Vertebrata  are  still  very 
divergent.  This  results,  in  the  first  place,  from  the  fact  that  the  in- 
vestigation, which  can  be  carried  out  only  by  means  of  serial  section.-. 
is  coupled  with  greater  technical  difficulties,  and,  secondly,  because  tne 
conditions  are  somewhat  altered,  owing  to  the  greater  abundance  of 
yolk  in  the  eggs,  and  furnish  less  clear  and  intelligible  views.  Where 
in  the  gostrula  of  Amphioxus  a  great  cavity  is  |.n->.-i,t,  we  see  in  the 
case  of  the  remaining  Vertebrates  a  great  mass  of  yolk-material 
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collet-led,  and  the  c.rlenteron   more  or  less   completely    title. 1   with  it. 
Consequently  there  are  formed  in  these  cases  for  the  pn-liir  ion  of 

the  liodv  cavity  no  hollmr  i-i'iuji nut imts,  but  Sof>  'l«'t 

tin1      {xtr'ntnl      ninl      the 

•'i  I  In  in  I'll 'if  of  tin' 
in  i'l <ll<'  i/fi'iii -In  >/>'/'  /in  re, 
-  v  which  in  Am 
/i/iw.i-nx  hi m ml  the  />i>< ft/- 
i'ii  rift/  jirewi/  together  at 
thf  l»  <  i't  nning  of  the  de- 

neiit  ini'l  xr / >(t rated 
"it///  at  a  rather  Intu, 
xttnje.  In  order  to  make 
easier  the  comprehen- 
sion of  the  somewhat 
dissimilar  appearances 


Fig.  73. —Diagram  to  show  the  development  of  the  middle 

germ-layers  and  the  body-cavity  in  Vertebrata. 
Cross  section  of  an  embryo  in  front  of  the  blastopore. 

iullarv   plute  ;    r/<,   fund  uncut    <>f    tin-  clmrilii  •    nk, 
outer,  ilc,  inner  germ-la  \  •  inceral 

lamella  of   tin-  miiMlr  ^t-riii 
vclk-iuiok-i  ;  <<h,  iiite-tiiial  .-a\i' 


-tt 


furnislit  d    by  an    inves- 
tigation of  the  separate 
rlasse-    of    Vertebi 
let  us  describe  lirst ,  with 
the  aid  of  two  diagram- 
matic figures,  how,  according  to   a  series  of   investlgatioitB   which  I 
have    undertaken,   the    development    of   the    middle   germ-layrr    and 

the  body -cavity  would  take 
place  in  the  case  of  the 
vertebrated  anin.ai>. 

One  of    the   diagrams    (fig. 
73)  represents    a    CTO8B   stKJtion 

in     front  of    the    blastopore. 

It  exhil>its  the  inner  germ- 
layer  (//,')  e.\tensi\ely  tllick- 

ened    on    the    ventral   side  by 

the  .It  position   of  yolk    i 

that  tlie  Melenteron  is  re- 
duced to  a  small  ca\it\ 

III   the    root    of    the  C.rlei 

there   lies   a  single    lay. 

cells    (r/t).    the    fundament    of 

the  chordfl,  characterised  by  their  cylindrical  t'mm.  On  both  si.l.-s 
«'t  it  the  inner  germ-la  \cr  has  develoj>ed  exaginat  ions,  the  twt> 
hoily-sacs  (//,).  which  have  grown  down  some  distance  betv. 

8 


Fig.  74.— Cross  section  of  an  Amphioxus  embryo. 

See  explanation  of  Fig.  70. 
«<.  outer,  ile,  inner,  ml;  middle  gerra-laver ;  <•/<, 

•<l;i. 
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the  yolk-mass  and  the  outer  germ-layer.  Their  wall  (mkl  and  mk2) 
is  composed  of  small  cubical  or  polygonal  elements,  shaded  darker 
in  the  diagram.  The  coelenterori  is  distinctly  separated  by  means 
of  the  two  coelenteric  folds  (*  *)  into  a  median  or  intestinal  cavity 
proper  (dh),  lying  beneath  the  chordal  fundament,  and  the  two  narrow 
body  -sacs  (Ih),  which  communicate  with  the  former  only  by  means 
of  narrow  fissures  (*  *)  at  the  right  and  left  of  the  chordal  funda- 
ment. The  figure  is  easily  reducible  to  the  preceding  (p.  113)  en 
section  of  an  Amphioxus  embryo  (fig.  74),  if  we  conceive  the  simple 
epithelium  on  the  ventral  side  of  the  latter  thickened  by  an  accumula- 

tion of  yolk,  and  the  two 
small  body-sacs  grown 
down  a  certain  distance 
between  yolk-mass  and 
outer  germ-layer. 

In  the  second  dia- 
grammatic cross  section, 
which  is  through  the 
blastopore  (fig.  75),  the 
ccelenteron  (ud)  is  wholl} 
filled  up  with  the  yolk 
mass  (d).  The  body-sacs 
(Ih)  described  in  the  first 
diagram  are  to  be  seen 
here  also,  as  they  crowd 
themselves  downwards 
between  yolk  and  outer 
germ-layer.  Their  walls 


d    — 


Fig.  75. — Diagram  to  show  the  development  of  the  middle 
germ-layers  and  the  hody-cavity  in  Vertebrata. 

Cross  section  through  the  blastopore  of  an  embryo. 

u,  Blastopore  ;  ud,  ccelenteron  ;  Ih,  body -cavity  ;  d,  yolk  ; 
ak,  outer  germ-layer ;  mk1,  parietal,  mle2,  visceral 
lamella  of  the  middle  germ -layer. 


are  composed  of  small  cells,  and  the  outer  or  parietal  layer 
merges  into  the  outer  germ-layer  at  the  blastopore,  while  the  inner 
or  visceral  layer  (mk2)  is  continuous  with  the  yolk-mass  or  the  inner 
germ  -layer. 

Were  the  conditions  in  Vertebrates  such  as  the  two  di:iirr:mi> 
represent,  there  could  no  longer  be  any  doubt  in  iriMnl  to  ///••/*/, 
any  more  than  in  the  case  of  Amphioxu.-.  tli.it  the  body-cavity  is 
developed  out  of  two  evaginations  of  the  ccelenteron,  and  that  its 
walls  constitute  the  two  middle  germ-layers.  But  there  is  not  a 
single  Vertebrate  which  presents  such  clear  and  convincing  evidence. 
The  distinctness  is  .everywhere  diminished,  most  of  all  by  the 
fact  that  tltA  parts  whicJi  are  to  be  interpreted  as  body-sacs  no  longer 
enclote  cavities,  because  their  walls  are  firmly  pressed  together,  in 
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•  ili««  fact   that   the  greater 

the  -pace  tor  iiM-lf.      (  'on>e(|uently  w««  find,   /'//  /i////v  <>/'  /sacs 

!•!,  -a  in,  ftuff'f  masses  of                •  fliirf,  it  ,->  mains 

ffitnlitif!/,*'!/    t/int    (!»  //    <-"  i-  respond   to  the   sacs  in  and 


In  order  to  >.-e   what    condit  ion    would   re>ult    in   consequence  of  a 
disappearance  of  the  body  ca\  it  y,    we   will   imagine   that    in    the   two 
diagrams  the  parietal  and  the  visceral  layers  of  the  body-sacs  are 
lirmly   pre>.M-d    together.       In   the   first    diagram    (fig.   73)  we  should 
then  have  a  mass  several  cells  thick,  which  would  be  every  wl  MM  • 
tinctly  separated  t'roin  the  two  germ-  layers  —  in  between  which  it  had 
grown  —  with  the  exception  of  the  place  indicated  by  a  star,  which 
marks  the   entrance  to  the  body  -sac  ;  this  is  the  important    r--_ 
whence  the  evagination  or  the  outgrowth  of  the  middle  germ-i 
from  the  inner  layer  ha^  taken  place.      At  this  point  the  cell-m.i 
continuous,  on  the  one  side  with  the  fundament  of  the  chorda,  on 
the  other  with  the  entoderm.     In  the  second  diagram   di_ 
should  likewise  see  the  thick  cell-mass  everywhere  isolated,  except  in 
the  vicinity  of  the  blastopore,  where  a  transition  to  the  outer  as 
as  to  the  inner  irerm-lnyer  takes  place.     If,  in  addition  to  this,  we 
should  imagine  that  the  two  lips  of  the  blastopore  were  here  pressed 
iier    from    ri^ht    to   left,    we   .-hould    have   in   the   middle   of   tlie 
ion  a  thick,  many  layered  cell-mass,  which  on   both   Bid 

resolved  into  the  three  germ-layers,  Sfc;  in  other  words.  <//  (he  blasto- 
pore all    three    f/tv///-A///<'/-x  A//  t/i?ir  fusion   nt>>>i  {<»/>//»•/•  /'//   «   .% 

1   nf  Ct'lls. 

I'.y  careful  investigation  it  is,  in  fact,  demonstrable  that  >imilar 
conditions  to  those  which  we  have  produced  by  changes  in  the 
diagrams  are  found  in  the  investigation  of  the  several  classes  of 
Vertebrates.  For  this  purpose  we  must  make  >ectioii>  through  three 
ditiereiit  regions  of  the  embryo  :  (1)  through  the  region  in  front  of 
the  Ma>topore,  (2)  through  the  region  of  the  bln>t«»pore  itself,  and 
(  .">  i  behind  it.  77-  /*/  nppears  m<  <n  th>~  <!•  >•• 

'  »J   the  Ainjthittiit.   aiming   which   the   Tri;  D    furni>h  the 

nn»t  insti-uctive  object  >. 

When  in  the  case  of  Triton  the  ira^trulat  ion.  witli  the  accompany- 
ing obliteration  of  the  cleavage-cavity,  is  fully  completed,  the  embryo 
Mies  slightly  elongated;  the  future  dorsal  surface  (fig.  76  D) 
becomes  flattened,  and  gives  rise  to  a  shallow  furrow  (r),  which 
Mi-etches  from  the  anterior  to  the  posterior  end  nearly  up  to  the 
blu*t  opore  (u).  The  latter  has  now  assumed  the  form  of  a  longitu- 
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dinal  fissure.  A  cross  section  made  through  the  middle  of  the 
embryo  in  front  of  the  blastopore  (fig.  77)  corresponds  in  every 
particular  to  our  first  diagram  (fig.  73),  if  w©  conceive  that  the 
body-cavity  in  this  case  has  disappeared.  The  outer  germ-layer  (ak) 
consists  of  a  single  sheet  of  cells,  which  on  the  back  of  the  embryo 
are  cylindrical,  but  become  shorter  toward  its  ventral  side.  The 
cells  enclosed  within  the  outer  layer  exhibit  a  differentiation  in  three 
ways,  and  therefore  are  subsequently  converted  into  three  different 


Fig.  76.— Egg  of  Triton  with  distinctly  developed  medullary  groove,  seen  from  the  blastopom. 

53  hours  after  artificial  fertilisation. 
D,  Dorsal,  V,  ventral  region  ;  u,  blastopore  ;   h,  elevation  between  blastopore  and  medullanv 

groove  (r)  ;  f,  semicircular  furrow,  which  encloses  the  blastoporal  area  ;  dp,  yolk-plug. 

Fig.  77 — Cross  section  of  an  egg  of  Triton  with  feebly  expressed  medullary  groove. 
uk,  Outer,  ik,  inner  germ-layer  ;  mi1,  parietal,  mk3,  visceral  lamella  of  the  middle  germ -lay  er ; 
ch,  chorda ;  dh,  intestinal  cavity  ;  D,  dorsal,   V,  ventral. 

organs — into  chorda,  entoderm,  and  middle  germ-layer.  First,  there 
is  to  be  found  on  the  roof  of  the  coelenteron  (dh)  under  the  medullary 
groove,  even  close  up  to  the  blastopore,  a  narrow  band  of  long 
cylindrical  cells  (ch) ;  it  corresponds  in  every  respect  to  the  funda- 
ment of  the  chorda  in  our  diagram  (fig.  73  c/t),  and  in  the  cross 
section  through  Amphioxus  (fig.  74  ch).  Secondly,  the  fundament 
of  the  chorda  is  fianked  on  either  side  by  two  bands  (ink1,  ml. 
small  oval  cells,  which  extend  downwards  to  about  the  middle 
of  the  lateral  region  of  the  embryo.  They  do  not  share  in  bounding 
the  coelenteron,  since  a  third  kind  of  cells  (ik),  large  and  rich  in  yolk, 
lie  along  their  inner  surfaces.  The  latter  begin  at  the  margin  of 
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the  choidal  fundament  as  a  single  layer,  become  two  layers  thick 
farther  down,  and  thus  meri:e  into  the.  more  voluminous  accumu- 
lation  of  yolk-celK,  which,  in  all  Amphibian  emhryo>,  occupy  tin* 
ventral  Mde  and  reM  riot  the  gast  rula ca\  it y.  They  correspond,  to 
continue  with  our  comparison,  with  the  entalerm,  whereas  the 
small-celled  mattes,  which.  Martini:  I'rom  the  fundament  of  tin- 
chorda,  have  crowded  themselves  out  between  the  entodcrm  and 
the  outer  -fnii  layer,  are  comparable  with  the  cells  which  in  Am- 
phioxus  and  in  our  diagram  form  the  wall  of  the  h«>  I  the 

middle    germ-layer.       The 

conclusion   is  t  h«-i et'ore  jus-  '' 

tided    and     very    obvious, 

that  in  Triton  the  two  mid- 

'  rtA  /' 

///  ///•'  <i iit''ri»r  territory  of 
tin'    i:iiil>i-inniic    body   b;i    « 

•'$8    oj    evagination    at 
l>ntli    sili'x    of    the    chordal 

lament, just  as  in  Am 
/»///» »./-//x,  t  <•<•<' pt  that  in  on-e 
case  the  evayinated  cell-mass 

tins   <r    (•'//•////,    in    the 
(>(//>'/•  case  none. 

A  cross  xrtion  through 
(he  blastopore  of  the  Triton 
embryo  (ti-'.  7S)  is  to  be 

;>un>d  \\ith   our  second 
diagram    (fig.    75).       The 

hollow    hodv  .xai-s    of    the    latter    corropond    to   the   solid   cell  hands, 
which   are  the  fundament  of   the   middle   germ-layer.      Near 
hlaMopore  (u)  they  are  split  into  two  lamellae.     Of  these  the  outer 
(////,•')  nierure>.  a>  in  our  diagram,  into  the  inner  layer  of  the  bi 
j»oric  lip,  and  becomes  continuous  at  the  edge  of  the  blastopore  with 
the  outer  -eriu-layer  (.//•)  ;   the  inner  lamella  (ink*),  on  the  cont 

'iinec-ted  with  the  iua>s  of  yolk-cells  (</:».  which  lies  like  a  wall  in 
front  of  the  blastopore  and  even  projects  into  it  as  the  lit  s<  UNI  AN 
yolk-plug  (dp). 

roM.-riorly  t..  the  blastopore,  the  middle  germ 
out  for  >oine  distance,  hut  here  only  a>  a  Millie  connected  n  . 

According  to  the  region  from  which   the  middle  g.-rm-laycr  is  de- 
veloped,  wt«  may  divide  it  into  t\\o  j  ,:id  call  that  part  which 


ift 


_      dh 


Fig.  78.— Cross  section  through  the  blastopore  of  an 
egg  of  Triton  with  feebly  expressed  medullary 
groove. 

ale,  Outer,  <X-,   inia-r  gt-rni-l.iy.T ;  int1,  parietal,  mi-*, 

nil    laniflhi  of    the    nii.HU-    -.-i  in-hiver ;    u, 

\.ilkcells;  dpt   yolk-plug;   dh, 

intcstiii.-il  i-;ivity. 
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is  produced  on  both  sides  of  the  chorda  the  gastral  mesoderm,  and 
that  which  arises  from  the  blastopore  the  peristomal  mesoderm 
(RAUL). 


mp 


rr,f 


Fig.  79.— Three  cross  sections  from  a  series  through  an  egg  on  which  the  medullary  ridges  begin 
to  appear.  The  sections  illustrate  the  development  of  the  chorda  out  of  the  chorda! 
fundament,  and  the  constricting  off  of  the  two  halves  of  the  middle  germ-layer. 

ak,  Outer,  ik,  inner  germ-layer ;  mi1,  parietal,  mk\  visceral  lamella  of  the  middle  germ-layer ; 
mp,  medullary  plate ;  mf,  medullary  folds;  ch,  chorda;  Ik,  body-cavity. 

The  further  development  of  the  fundaments  of  mesoderm,  chorda, 
and  intestine,  which  subsequently  become  entirely  separated  from 
one  another  at  the  places  where  they  now  remain  in  connection, 
causes  the  agreement  with  the  conditions  found  in  Ampbioxus  to 
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appear  in  stronger  relief.     The  of  separation  luced 

l»v  the  curving  of  the  I-/,,,,-,/,!/  plate,  and   its   oonvornon   into  the 

clmrilnl    '//•""'•'•' li'-r-  "'•'    •'    '"'>•       Inasmuch   as   it    i-   OOntl&llO 

3  with  tin-  parietal  lamella  of  tin-  middle  gi'nn-la\v  there 

arise  in  the  root'  of  the  ccelenteron  the  two  small  chorda]  told-,  which 

elldo-e     hrt  \\eell    tlu-lM    the    chorda  1     groove.         I  Is     free     margins    alillt 

direct Iv  upon  the  folded  edir<'.  whore  the  vix-n-al  lamella  of  the 
middle  LTerm-laver  I////1-)  hends  art  mud  into  the  entoderm  (ik)  to 
produce  the  cu'lentenc  fold. 

In  the  next  following  Mage  (fig.  79  B)  the  thickened  medulla! -y 
plate,  con-i-ting  of  long  cylindrical  cells,  lieconie>  distinctly  marked 
otl'  from  the  now  still  >maller  cuhical  elements  of  the  ectoderm. 
Meanwhile  the  middle  germ-layer  Kevins  to  detach  itself  from  it- 
previous  connections  in  the  \icinityofthe  place  of  e\  agination  ;  the 
parietal  lamella  becomes  separated  from  the  fundament  of  the 
chorda,  the  visceral  lamella  from  the  entoderm,  and  thereupon  their 
dei  a  died  edges  become  fused  to  each  other.  By  means  of  this  pro- 
cess the  fundament  of  the  body-sac,  or  of  the  middle  germ-layer, 
becomes  closed  on  all  sides,  and  is  separated  from  the  other 
LTi-rm  la\er>.  At  the  same  time  the  entoderm  (//•)  and  the  funda 
ment  of  the  chorda  (ch]  have  come  into  contact  alon«r  their  free 
margins,  so  that  the  chorda  appears  like  a  thickening  of  the  ento- 
derm. and  for  a  time  -hare-  in  !»,.undinir  the  inte-tina!  cavity  on  the 
dorsal  -ide.  This  is  changed  by  a  second  process  of  detachment. 

The  fundament  of  the  chorda,  now  converted  into  a  solid  rod, 
is  gradually  excluded  from  participation  in  lining  the  intestine 
(n'g.  79  C),  by  the  fact  that  the  halves  of  the  entoderm  (ik),  composed 
of  largo  yolk-cells,  grow  toward  each  other  underneath  it,  and  fuse 
in  a  median  raphe. 

The  closure  of  the  per  inn  in- nt  inf^ffni'  an  the  dorsal  ride,  the  con- 
Striding  of  of  the  two  body-sacs  from  ///• 

nr'xjln  »f  the  chorda  dorsalis  are  therefore  in   Ainjihft>fn,  as  in  Am 
oxus,  processes  ivhich  are  most  intimately  related  with  one  aii< 
Here,  too.  'ing  offoj  the  part*  /  begins  at  tfie  head-end 

of  the  embryo,  and  advances  slowly  toward  fh>-  posterior  end,  where 
there  exists  for  a  Ion  i  N  '6  of  growth .  Ay  means  of  which  the 

',<  the  length  of  the  /«»•///  /.v  effected.  Soon  after  this,  the 
moment  arrive-  when  in  the  embryos  of  Triton  the  body-cavity 
becomes  visible.  For  after  the  detachment  of  the  organs  previously 
mentioned  i-  completed,  the  two  middle  germ-layers  at  the  head  end 
of  the  body,  and  on  both  sides  of  the  chorda,  separate  from  - 
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Tig.  80.  —Longitudinal  [sagittal]  section  through  an  advanced  em- 
bryo of  Bombinator,  after  GOETTE. 

m,  Mouth  ;  an,  anus  ;  I,  liver  ;  tie,  neurenteric  canal ;  me,  medullary 
tube ;  ch,  chorda  ;  jm,  pineal  gland. 


other,  and  thus  cause  to  appear  a  right  and  a  left  body-cavity 
(enterocoel),  which,  according  to  my  interpretation,  were  not  pre- 
viously recognisable,  simply  on  account  of  the  intimate  mutual 

contact    of    their 

walls. 

Meanwhile  the 
medullary  plate 
has  become  con- 
verted, by  the 
process  of  folding 
already  described, 
into  the  neural 
tube  (fig.  80  me), 
which  lies  beneath 
the  epidermis. 
Since  the  neural 
tube  subsequently 

encloses  the  blastopore,  and  is  thereby  in  communication  with  the 
intestinal  tube  (as  the  preceding  longitudinal  section  of  an  advanced 
embryo  of  Bombinator  most  distinctly  shows),  it  follows  that  there  is 
also  in  the  Amphibia  a  structure  (fig.  80  ne)  corresponding  to  the 
neurenteric  canal  of  Amphioxus  (compare  fig.  68  en). 

More  fundamental  differences  in  the  development  of  the  middle 
germ-layer  are 
met  with  in 
the  eggs  of 
Fishes,  Rep- 
tiles, and  Birds, 
which  are  more 
abundantly 
provided  with 
nutritive  yolk 
and  undergo 
Initial  cleav- 
age, and  also 

in  the  eggs  of  Mammals.     However,  the  variations  appear  in  these 
cases  to  be  of  a  subsidiary  nature,  whereas  in  the  chief  points  the 
unity  of  the  developmental  processes  for  all  vertebrated  animal> 
been  the  more  firmly  «->t:il.li>lM'd  the  more  accurately  the  individual 
stages  have  been  investigated  by  means  of  improved  methods. 

In  the  presentation  of  these  difficult  conditions,  we  shall  describe 


Fig.  81  A  and  B.-Two  germ-discs  of  Hens'  eggs  in  the  first  hours  of 

incubation,  after  KOI.I.KK. 
e//,  Area  opaca;  hf,  area  pellucida ;   ».  crescent ;  »k,  crescent-knob ; 

E»,  embryonic  shield  ;  pr,  primitive  groove. 
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lir>t    the  changes  which  may  he  •  1    in    vi.-\\inu*   the    '-"-mi  «li-<- 

from    tin-   surface.    .-iii.l    to   thesv   >hall    :nl«l,    secondly.    the    moro    im 
j)«»i-t:tnt   n.-ult-  aci|iiircd  by  >eries  of  cross  sections, 

At  the  po-terior  margin  «»f  tin-  L"  rm  di-c  of  tin-  Chirk  (tig.  Si  A), 
which  con-ist-  .it'  two  layer-  lying  mi  the  yolk  like  a  watch-glass,  we 
had  distinguished  —  not  only  a  short  time  be  fort-  incubation,  but  al-o 
during  t  he  early  hours  of  that  process  —  the  crescent  (*)  and  tin- 
ci-ocfiit  ir  irroovr.  an<l  had  learnr.l  to  n-coirnix1  that  this  \\a-  tin- 
place  from  wliich  the  imiiT  p'l'lii  lay.-r  ATOBe  l»v  a  j.roc.->  of  1'oldin.ir 

under. 

When,  during  the  first  hours  of  iiu-nhat  ion.  tl»e  irerni  layer-  <^row 
out  farther  on  the  yolk,  the  crescentic  groove  (fig.  81  B)  is  con- 
vt-ned  into  the  primitive  groove  (pr).  a  -nurture  (,f  far-reachini: 
significance. 

Tin-  iiietaiuor].h.»i>.  according  to  the  ezoellei  lieeof  \^ 

take>  place  in  the  following  manner  :  In  the  middle  of  the  anterior 
blast  oporic  lip,  where  the  outer  germ-layer  bends  over  to  become 
continuous  with  the  inner,  there  ari-e>  a  small  notch,  which  i- 
directed  forwards  (fig.  81  A  sk)  ;  this  gradually  eloniratfs  into  .-, 
groove  (fig.  81  /?),  corresponding  with  the  future  longitudinal  axi>  of 
theenihryo.  and  hy  the  following  method  :  the  right  and  the  left  halve- 
of  the  [anterior]  )>la>toporic  lip.  to^-ther  with  the  part  which  bounds 
the  lirM  notch,  grow  toward  each  other,  and  conic  in  contact  with 
<-uch  other  in  the  median  plane,  with  the  same  lapidity  with  which  the 
disc  inciva-e>  in  super- 

ficial extent.   Foratinie,  ,----. 

therefore,  the  blastopore  .  -/-":;  . 

l:a-  the  form  of  a  short       />'""V\ 
Inn  git  inlinal     groove,      •{ 
which,  at   its   posterior      ^>*^^' 

end,  is  bent  around  into  Fig.  82.  Diagrams  to  elucidate  the  formation  of  theprimi- 
two  >hort  tian.-vrrselv  tive  groove.  ;ift,r  IM-V.M, 

Tli.-  iiicr.Msiii-  si/..-  ..f  rli.!  |«nn-diaQ  in  the  course  of  the 
plaoed    crt'-c.-ntic    horns  dcrtlopnnt  to  iadintadtf  dotted  droaUrBaai.   The 

(s]         Kinallv   t  he>e   aUo  heuv-v  'i'"-  '•  T 

primitive  gio,.ve  which  arisos  fr.nu   it   by  the  fusion  of 

have  disappeared  ;  they,          the  edges  of  the  crescent 

too,  ha\e  grown  toward 

each   other,  toward  the  median  plan.-,  and  have   thus  contributed 

largely  to  the  posterior  elongation  of  the   primitive  groove.     By  thi.s 

remarkable  process  of  irrowth  the  whole  blastopore  i-  converted  from 

a  transverse  Insure  inio  a  Longitudinal  one. 

The  accompanying  diau'i  n  rve  to  illustrate  this  highly 
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important  process.  The  increase  which  the  germ-disc  has  undergone 
during  successive  stages  is  indicated  by  dotted  lines.  The  margin  of 
the  fold,  where  the  upper  germ-layer  passes  over  into  the  lower 
layer,  or  the  anterior  lip  of  the  blastopore,  is  denoted  by  a  heavy 
black  line.  In  the  figures  A,  B,  C,  one 
observes  how,  with  the  increasing  extent  of 
the  germ-disc,  the  right  and  left  halves  of 
the  blastoporic  lip  come  together  in  the 

median  plane 
in  ever-increas- 
ing extent,  and 
form  the  primi- 
tive groove. 

In  figs.  83 
and  84  are  pre- 
sented instruc- 
tive cross  sec- 
tions through 
the  primitive 
groove  in  the 
first  stages  of  its 
development. 
The  first  shows 
us  the  two  lips 
of  the  blasto- 
pore (fig.  83  ul), 
separated  by  a 
small  space, 
into  which 
there  projects 
from  below  a 

small  elevation  (dp)  of  yolk-substance, 
containing  a  number  of  nuclei  (merocytes), 
comparable  with  the  RUSCONIAN  yolk- plug 
in  the  Amphibian  larva  (fig.  78  dp).  At 
the  lips,  the  upper  germ-layer,  a  single  cell  thick,  bends  around  im»> 
the  lower  germ-layer,  composed  of  loosely  associated  cells.  The 
blastopore  leads  into  the  coelenteron,  which  lies  between  yolk  and 
germ-disc.  In  fig.  84  the  margins  of  the  two  folds  have  come  into 
close  contact,  and  have  fused  to  form  the  anterior  part  of  the  primi- 
tive streak,  above  which  the  primitive  groove  is  still  to  be  found. 


DEVELOP*]  • 


\VI.,M.  tli.-  lad  i. -in!. ant  of  the  |c  groove  has  been  employed 

for  the  elongation  of  the  primitive  -;n>ov«.,  th.-  margin  of  theg 
disc,  uhii-h  continues  all  th,-  timeto spread  Itself  ou1   uniformly 
tin-  v. ,lk,  exhibits  «-\-.-:-yuhore  one  tu.d  tin-  Bame  condition;  it  has 
become   .-it   .-ill   p..int>  a  oircwnciwc  yin,  n.»w  that   the 

orpin  has  detached  itself  from  it  as  primitive  groove. 


Fig.  bo 


Fig.  86. 

Tig.  £5.-  Surface  view  of  the  area  pellucida  in  the  blastoderm  of  a  Chick,  goon  after  the 
foimation  of  the  primitive  groove,  after  BAI  i 

;  r,  I'limitive  streak  with  primitive  groove;  «//,  :inini"t:c  t\M.     Tin-  <l.uk«T  .-h.ulni^  >ui  i> 
tho  ]iriinitive  stre.-ik  indicates  the  extent  of  the  inesublast. 

Fig.  86.— Surface  view  of  the  area  pellucida  of  a  blastoderm  of  18  hour*,  after  BALFOUR. 

Tlu-.uv;ii.|  a.  .  tin-  i»i-;ir-.-h;ijK'il  outline  in;uks  the  limit  of  the  area  {Hjllucula.    At  the 

jilaiv  \\h<-i e  :),.•  tu..  iiifinliary  {••   .  LIU.-,  with  fiii-li  i.thi-r  tliere  is  to  be  seen  a 

short  cur\eii  line,  which  represents  the  hejul-f"!.!.      In  front  of  it  tlieie  lies  a  seou,.l  line 

•uc  with  it,  the  b-xinn.ng  of   the  amniutic  foil.     A,  Medullary  folds  ; 
furrow  ;  j>r,  jirimitive  groove. 

When  subsequently  the  pellucid  and  opaque  areas  become  more  «li- 
tim-tly  si-pa  i  sited,  the  primitive  groove  comes  to  lie  in  the  posterior 
part  of  the  pellucid  area.  By  caivt'nl  cxamii.ation  of  a  surface  pre- 
paration (figs.  85  and  80  ;»•),  one  sees  that  it  is  l>om:.lt>d,  both  on  the 
riirlit  >ule  and  on  the  left,  by  two  small  folds,  which  are  derived 
from  the  blastoporic  lips,  and  which  appeal-  darker  ai'd  more  opaque 
because  the  cells  are  multiplying  rapidly  and  are  more  closely 
crowded.  Since  the  two  primitive  folds,  or  the  two  blastoporic  lipsr 
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Fig.  87.— BlMtoderm  of  the  Chick,  incubated  33  hour*, 
after  DIVA i.. 

The  area  pellncida  (/if)  is  summnd.-d  with  .1  portion  of  the 
opaque  area  (<//).  The  fundament  of  the  nervous 
system  is  nearly  closed  in  front  and  segmented  into 
th.-  three  brain- vesicles  hb\  A6a,  lib* ;  behind,  the 
medullary  furrow  (»?/)  is  still  ojwu.  On  either  side 
of  the  latter  there  are  six  primitive  segments  (us). 
The  posterior  end  of  the  embryonic  fundament  is 

••1  by   the  priniitiv,-  >IMM|;  ;u,,l   the 
groove  (j»-). 


the  primitive  .streak  and  its  head-pi •• 


are    closely  in    contact 
at   the   bottom   of    the 
groove,  and  indeed  are  in 
places  completely  fused, 
they    together    produce 
in  the  pellucid  area   a 
dark     streak     of     sub- 
stance, which  is  about  a 
millimetre  long  and  0'2 
mm.  broad.     With  the 
earlier  embryologists,  to 
whom    it   was    already 
known,     we     designate 
this    as    the    primitive 
streak  of  the  germ- disc. 
In  the  vicinity  of  the 
primitive    streak    there 
are  to  be  distinguished 
in    surface  views,    now 
and  during  the  following 
stages   of   development, 
some  additional  changes, 
which  are  caused  by  the 
beginnings  of  special  or- 
gans.   In  the  first  place, 
there  is  to  be  seen  in  the 
anterior   region   of   the 
area   pellucida,   and   in 
the   direct  continuation 
of  the  primitive  streak, 
a  narrow,  dark  streak  of 
cflls,    which    has    been 
designated  by  KOLLIKER 
as   the   head-process  of 
the     primitive     streak, 
and  which  gradually  in- 
creases in  length.      Se- 
condly, there  appears  an 
increasing   opacity   (fig. 
85)   in    the    vicinity   of 
which  afterward  stretches 
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out  farther   laterally:   it    is  connected  wn  li   tin-  origin  of   the   middle 

germ  layer, 

In  a  Mill  later  Mage  of  development  (fig.  86),  at  the  beginning  of 

the  second  day  of  incubation,  the  lir-t  fundament  of  tin-  central 
nervou-  system  make-  its  app  aranco  in  the  anterior  |iortion  of  the 
ir«-im  di-e.  Over  the  head-proc--  «me  di-tance  from 

•ach  other  the  two  medullary  fold-  (.1).  which  are  continuous  with 
each  other  at  their  anterior  end-,  and  which  hound  the  broad  medul- 
lary furrow  (me);  j)osteriorly  they  become  less  prominent,  and  they 
here  embrace  between  them  the  anterior  end  of  the  primitive  streak 
(j>r).  Medullary  furrow  (,,ic)  and  primitive  groove  (pr)  must  not 
be  confounded  with  each  other.  a.-  occurred  in  the  earlier  da\ 
«  mbryolo«:y  ;  they  are  two  entirely  distinct  and  disMmilar  structure-, 
which  exiM  at  the  same  time,  and  independently  of  each  other,  as 

tig.  SI)  sln»w>. 

I'l-imitive  >treak  and  primitive  groove  are  preserved  for  a  long 
time  without  un»lerir«»in.ir  imp(»rtant  changes  (fig.  87  pr).  They 
always  occupy  the  posterior  end  of  the  embryonic  body,  which  is 
characterised  by  its  .-lightly  ditlerentiated  condition  even  in  BJ 
when  the  development  of  the  separate  organs  of  the  body  i>  a  In  ady 
in  full  progress.  On  the  contrary,  the  embryonic  territory  lyin.ir  in 
front  of  it,  which  is  so  small  at  the  time  of  the  appearance  of  the 
head-process,  becomes  greatly  elongated  and,  at  the  -a me  time, 
ditlerentiated  into  the  >ej  arate  organs  of  the  body.  This  process 
of  differentiation  begins  in  front,  and  proceed-  po-teriorly  toward 
the  primitive  groove,  just  as  in  Amphioxus  and  the  Amphibia. 
The  margins  of  the  medullary  folds  come  into  contact  with  each 
other  and  be«rin  to  fuse,  forming  the  neural  tube.  (Jib1,  M-,  }<l>:\ 
ml'),  the  fusion  j»roi:re-sing  from  the  head-  toward  the  tail-end. 
There  are  also  to  be  recognised  now  in  the  interior  of  the  body, 
at  either  side  of  the  neural  tube,  the  protovertehne  or  primitive 
.-enments  (UN),  which  we  shall  inveMiirate  more  minutely  further 
on.  The  number  of  these  i-  con-tantly  increa-ed  by  the  growth 
which  is  taking  place  at  the  tail-'-nd. 

When  a  large  number  of  primitive  segments  ha-  arisen,  the 
primiti\t>  groove  begins  on  sui'face-view.-  to  di.-appear  :  for  it  i.-  >ur- 
rounded  l>y  the  medullary  folds,  and  ii.a.-much  as  the-e  fu-e  he;. 
well  a.-  elsewhere,  it  i-  enclo-ed  in  the  terminal  part  of  the  neural 
tube.  A  notable  condition,  and  one  of  great  important- •  for  the 
interpretation  of  the  primitive  groove,  ha-  been  di.-covered  at  this 
etage  m  the  embryos  of  several  species  d  l-nd-  by  C^ASSKK.  I'.KAIN, 
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HOFFMANN,  and  others.  At  the  front  end  of  the  primitive  groove  a 
narrow  canal  has  arisen,  which  leads  obliquely  from  the  neural  tube 
under  the  entoderm,  and  unites  the  two  in  the  same  manner  in  which 
the  blastopore  does  in  Amphioxus  and  the  Amphibia.  A  diagram- 
matic longitudinal  section  through  the  hind  end  of  a  Chick  (fig.  88) 
.shows  us  this  important  union  (n.e),  which  exactly  corresponds  to  the 

condition  of 
an  Amphi- 
bian embryo 
presented  in 
fig.  80. 

Such  a 
neurenteric 
canal  has 
been  ob- 
served Mill 
more  dis- 
tinctly in 
Selachia  us 
and  Reptiles 
and  at  even 
e  a  r  1  i  e  r 
stages, 
whereas  in 
Teleosts  it 

does  not  come  to  development  on  account  of  special  subsidiary 
conditions.* 

The  investigation  of  the  embryonic  fundaments  of  a  Mammal  fur- 
nishes us  with  views  quite  similar  to  those  respecting  the  Chick.  When 

*  In  Selachians  the  blastopore  is  very  early  enclosed  within  the  medul- 
lary folds,  and  then  assumes  the  condition  of  a  long-persisting  canal-like 
passage  to  the  intestinal  cavity  through  the  floor  of  the  medullary  groove, 
and  later  through  that  of  the  neural  canal. 

In  the  case  of  Reptiles,  the  primitive  streak  is  very  short  and  triangular, 
ami  in  many  species  soon  discloses,  before  other  organs  have  been  differentiated, 
an  opening  at  its  anterior  end  which  leads  to  the  cavity  under  the  gerni- 
which  is  filled  with  yolk.  Subsequently  the  opening  is  converted  into  a  canal, 
the  wall  of  which  is  composed  of  cylindrical  cells,  and  is  in  continuity  above 
with  the  outer  germ-layer,  and  below  with  the  inner  germ-layer.  Then  the 
medullary  folds,  which  are  being  formed  in  front  of  the  orifice,  grow  around 
it ;  the  orifice  now  becomes  a  genuine  neurenteric  canal,  which  in  many  cases 
appears  to  become  obliterated  even  l>efore  the  closure  of  the  medullary  tube, 
but  in  other  cases  persists  for  a  long  time. 


Fig.  88.— Diagrammatic  longitudinal  section  through  the  posterior  end  of 
an  embryo  Chick  at  the  time  of  the  formation  of  the  allantois,  after 
BALFOUR. 

The  section  shows  that  the  neural  tube  (Sp.c)  is  continuous  at  its  posterior 
end  with  the  post-anal  intestine  (p.a.g)  by  means  of  the  neurenteric 
canal  (n.e).  The  latter  traverses  the  remnant  of  the  primitive  streak 
(pr),  which  is  folded  over  on  to  the  ventral  side,  ep,  Outer  germ-layer ; 
c/i,  chorda ;  hy,  entoderm ;  al,  allautois ;  me,  middle  germ-layer ;  an, 
the  place  where  the  anus  will  arise;  am,  amnion ;  «o,  somatopleure ; 
tp,  splanchnopleure. 
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tin-  embrvnnic    arra    ha-    a  — uined    all    ov:il    form,    tin-    opacity  a' 

riur  mil,  i»r  the  terminal  ridire  (li.i:.  !'•:•/«/'•).  which 
with  tlif  crexvnt    of  tin*    Ilinl.  »-li>i!^ateN   into   t  he  primit  i\e  Bin 
tin-  latt.  r  occupie>  the  po-terior  half   <>f   tin-   embr\  :i  (fig.   89 

.1  ///•).  and  exhil.it>  a  distinrt  groove,  that   i- llankud  l»v  a  ri-ht  ai:<l  a 
!i-ft  ridur  like  told.     ^LVanpaiv  with  thi>  the  Chick  a>-hown  in  tig.  85.) 


Fig.  89  A.— Embryonic  fundament  of  an  8-days  Rabbit,  after  K;'.I.I.IKKH. 

«  •;/.  Fiui(i;uiu-iit  of  tin-  rinluNo  ;  j>r,  priiiiit  i\  •• 

fig.   89  B.— Vaacolar  area  (o>  and  embryonic  fundament  («</)  of  a  7-days  Rabbit's  tgg,  aft«r 

:KKU. 

trea  (area  o\> .  Lnmiic  fundament  ;  ;./•,  pi imitive  groove  ;  r/,  meUullary 

f urr.  .u . 

Afterwards  there  appears  in  this  instance,  just  as  with  the  (hick,  a 
narrow  opaque  streak  in  the  forward  prolongation  of  the  primitive 
streak,  its  head  process, — and  thi>  divide>  the  anterior  j>ortion  of 
the  LT'-rm  into  a  riirht  and  a  left  half  (ti-:.  DO  &/*).  After  some  time 
there  are  d:-,el..ned  on  both  side>  of  the  head- pnnv»  tlie  medullary 
f(»ld>  (!i.ur.  >'•'  1>).  which  hound  the  broad  medullary  furrow  (r/*),  ami 
which,  by  formings  b<>\\  at  their  anterior  ends,  become  continnou> 
with  each  other;  but  posteriorly  they  diverge  M.mewhat  from  each 
other,  and  embrace  the  primit  ive  u'roo\  «•  ( /,/•).  This  >tage  correspond* 
to  the  condition  of  the  C'hic  .-d  in  lig.  86. 
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From  this  time  forward  the  anterior  part  of  the  embryonic  area, 
grows  in  length  much  more  rapidly  than  the  hind  part  with  its 
primitive  groove  ;  the  latter  remains  almost  unaltered  in  Mammals 
up  to  late  stages  of  development,  and  then  diminishes  in  length,  not 
only  relatively,  but  also  absolutely. 


let 


\      -4- 


pr 


Fig.  91. 

Fig.  90.— Germ-disc  of  an  embryo  Rabbit  with  primitive  streak,  after  E.  VAN  BENKDCW. 
pr,  Primitive  streak  ;  kf,  head-process ;  Uk,  HKNSKN'S  node  ;  en,  canalis  neurentericna. 

Fig.  91.— An  embryo  Rabbit  with  a  part  of  the  area  pellucida  9  days  after  fertilisation. 
Magnified  22  diameters.  After  KOI.I.IKER. 

ap,  Area  pellucid*;  ao,  area  opaca;  &',  medullary  plate  in  the  region  of  subsequent  first  brain- 
vetucle  ;  h",  the  same  in  the  region  of  the  subsequent  mid-brain,  where  the  medullary  furrow 
(rf)  exhibits  a  widening ;  h'",  the  same  in  the  region  of  the  subsequent  third  brain- 
vesicle  ;  hz,  fundament  of  the  heart ;  stz,  trunk  zone  (Starumzone) ;  pz,  parietal  zone ;  pr, 
remnant  of  the  primitive  streak. 


At  the  same  time  the  embryonic  area  passes  from  the  oval  to  a 
pronounced  gnitarrfihaped  outline.  Such  an  embryo  is  represented 
in  fig.  91.  The  primitive  streak  (pr)  is  to  be  seen  at  its  posterior 
end,  partly  embraced  by  the  medullary  folds  (rf).  The  middle  germ- 
layer  is  already  fully  developed,  and  in  the  future  neck-region  three 
pairs  of  primitive  segments  have  already  been  differentiated  at  the 
aides  of  the  chorda. 

Just  as  there  lias  been  up  to  thi-*  >i;i:_r»  un  agreement  with  Birds 
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ill    other  points,  so    there    also    is    in    the    exigence   of   a 
i  it-u  iv!  it  eric  canal.     At  :i  ratlin1  early  stage  there  is  already  not  ic.-aMe, 

at  the  anterior  end  of  the  primitive  streak,  a  small  spot,  at  which, 
in  consequence  of  cell-proliferation,  a  large  amount  of  material  is 
accumulated,  [t  is  known  under  the  name  ol  llr-.  •!••  dig  90 

M).  Thi-  i-  important  chiefly  h  rau>e  a  narrow  canal,  tlio  eanalis 
heurent'Tieus  (en),  passes  through  it.  ami  lead-  from  the  outside  into 
t  In-  interior  of  the  blastodermic  vesicle.  Tin'  presence  of  this  canal 

has    already    heen     established    by     several     in\v-t  igaior. bv    VAN 

HKXEDEN  in  the  Rabbit  and  the  Bat,  by  BONNKT  in  the  Sheep,  by 
MKAPE  in  the  Mole,  and  by  GRAF  SIM-IK  in  a  young  human  embryo. 
The  latter  exhibited  a  still  widely  open  medullary  furrow.  At  the 
beginning  of  the  primitive  groove  there  was  a  wide,  roundi>h, 
triangular  orifice,  which  travrr>»'d  the  ireriii-<li>c.  and  was  >urr«»uhd"il 
by  a  ring-like  elevation  corresponding  in  position  to  HENSEN'S  nod.-. 

I  have  dwelt  upon  the  primitive  streak  more  at  length,  and  1 
considered  more  in  detail  its  first  appearance  and  its  topographic 
rel at  ions  to  other  organs,  because  from  a  d>  velopmental  standpoint 
ii  i-  a  very  important  structure,  and  one  the  significance  of  which 
i>  still  much  discussed.  For  it  correspond >  to  the  blast opore  of  the 
lower  AVrtel>rates.  and  is  important  as  the  region  from  which  the 
middle  i^erm-layer  takes  its  origin.  While  I  postpone  an  exposition 
of  the  grounds  which  warrant  us  in  designating  the  primitive  groove 
as  blast  opore,  I  shall  at  once  consider  the  development  of  the  middle 
::«•!  m-layer.  Information  concerning  this  is  to  be  got  from  cross 
••us,  which  should  be  made,  as  in  the  Amphibians,  (1)  in  front 
of  the  primitive  groove,  (2)  in  the  region  of  the  groove,  and  (3)  back 
of  it,  both  in  younger  and  older  embryos. 

In  embryonic  fundaments  which  have  reached  the  stages  repre- 
s'nted  in  figs.  81  B,  85,  and  89,  the  middle  g«  rm -lay.  r  is  already 
liegiin  in  the  immediate  vicinity  of  the  primitive  groove,  and  cau-e- 
the  opacity  which  appears  upon  both  >ide>  and  in  front  of  it.  Cross 
sections  Through  the  cephalic  process  of  the  primitive  streak  now 
allow  the  establishment  of  a  complete  agreement  in  one  fundamental 
point  between  Amphioxus  and  the  Amphibia  on  the  one  hand,  and 
Selachians.  Reptiles.  Uirds.  and  Mammals  on  the  other. 

J/  /  the 

Ihishqnm-,  in  th?  luttvr  in  front  ofthejn''i, 
n.i li'hunent  is  composed  of  only  A  V,  «/  n-/,fr/t  tltn  l>m-er  is 

'ncd  to  become  the  clofl'i.     At  /<«•//,  .v /»/»-.«  (//'  t1t»>s>'  r^jnnts  t/«^  \ 
layered  coml.iti<.m  juttse*  <(!>r»},tl;i  if*:s  into  a  three-layered 
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one,  the  outer  germ-layer  being  followed  by  the  middle  layer,  and  this 
by  the  inner  germ-layer. 


Fig.  92  A  and  B.  —Cross  sections  through  the  germ-disc  of  a  Selachian.    Copy  after  BALFOUR'S 

Monograph,  PI.  IV.,  Fig.  8a,  and  PI.  IX.,  Fig.  la. 
Only  the  left  half  of  section  A  ia  represented. 
ak,  Outer,  ik,  inner,  ink,  middle  germ-layer ;  ch,  chorda  ;  mp,  medullary  plate  ;  d,  yolk. 

The  conditions  in  detail  assume  in  Selachians,  Birds,  and  Mammals 
the  forms  indicated  by  the  accompanying  figures  (92-95). 

In  the  Selachians  the  medullary  fold  is  well  marked  in  cross 
sections  (fig.  92  A  mp).  Beneath  it  there  lies,  as  in  Amphioxus  and 
Triton,  only  a  single  layer  of  tall  cylindrical  cells  (ch),  the  funda- 
ment of  the  chorda ;  laterally  this  merges  into  a  many-layered  mass 
of  small  cells,  which  is  soon  divided  by  means  of  a  fissure  into  two 
distinctly  separated  lamellae — into  the  middle  layer  (mk),  composed 
of  small  polygonal  cells,  and  into  the  inner  layer  (ik),  which  here 
consists  of  a  single  layer  of  tall  columnar  cells.  At  the  point  in- 
dicated by  a  star,  the  fundament  of  the  chorda  and  the  middle 

and  inner  germ-layers 
are  continuous  with  one 
another.  At  a  later 
stage  (fig.  92  B)  a  se- 
paration of  the  three 
fundaments  takes  place, 
as  in  Triton,  and  we 
then  have  (1)  a  round 
chordal  rod  (ch),  which 
has  been  formed  by  in- 
folding in  the  manner 
previously  described ;  (2) 
at  either  side  of  it  the  small-celled  mass  of  the  middle  germ-Li 
(mk),  divided  into  halves  by  the  chorda ;  (3)  the  inner  germ-layer 
(ik),  the  halves  of  which,  separated  in  the  previous  stage,  are 
now  growing  under  the  chorda,  and  are  about  to  fuse  into  a  single 


•ft 


II 


ch 


Fig.  93.— Cross  section  through  the  blastoderm  of  a  Chick 
in  -which  the  first  traces  of  the  chorda  and  the  medullary 
furrow  are  to  he  saen,  after  BALFODR  AND  DEIGHTON. 

The  section  passes  through  the  fundament  of  the  chorda 
in  front  of  the  primitive  streak.  The  part  of  the 
section  at  the  right  of  the  fundament  of  the  chorda  is 
not  figured. 

ale,  Outer,  mk,  middle,  ik,  inner  germ-layer ;  ch,  fundament 
of  the  chorda. 
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A  Mmilar  vie\v  is  furni>ht  d  l>y  a  cross  section  through  the  cephalic 
process  of  the  germ  of  the  Chick  (fig.   (J.'{).      I'ndrr  the  outer  germ- 
layer  there  is  found  in   the   median  plane,    in   front  of  the  priii 
groove,  only  the  fundament  of  the  chorda  (ch) ;  at  t  he  point  indicated 
by  a  Mar  it  is  continued  laterally  into   tiie   Mnall-celled  middle  gi 
layer,  and  into  the  ento.lerm,  which  N  eompox-d  of  a   single    layer  of 
very  much  tlat  tei.ed  cells. 

The  same  is  true  for  cross  sections  of  Mammals  (tig.  94)  in  corre- 
iing  stages  of  development.  Thus,  for  example,  the  funda- 
ment of  the  chorda  (ch)  in  the  cross  section  through  the  embryo  of  a 
Mole  figured  by  HEAPE  is  a  single  layer  of  cylindrical  cell>  ;  it  ha- 
already  become  curved  into  a  chordal  groove,  such  as  has  Keen  repre- 
sented in  lig.  79  A  for  Triton.  Laterally  it  is  continuous  with  a 
mass  of  small  cells,  which  is  resolved  into  two  layer*  at  the  point 


Fig.  94. — Cross  section  through  the  embryonic  area,  of  a  Mole  which  is  in  about  the  stage  of  the 

Rabbit  represented  in  Fig.  89  IL     After  HK.U-K. 
The  section  passes  through  the  chordal  groove  (<-h)  somewhat  farther  forward  than  the  section 

represented  in  Fig.  97,  which  has  encountered  a  region  that  is  to  be  interpreted  as  the 

blastopore. 
ak,  Outer,  ink,  middle,  it,  inner  germ-l.tyer  ;  ch,  fundament  <>f  the  chorda. 

indicated  by  a  star  :  (1)  into  the  middle  germ-layer  (mk),  composed 
of  several  layers  of  small  cells;  and  (2)  into  the  inner  germ-1 
which,  as  before,  appears  as  a  single  layer  of  flattened  cells  (iXr). 

In  a  still  more  convincing  manner  VAN  BENEDKN  has  shown,  in  his 
investigations  upon  the  development  of  Mammals,  that  conditions 
exist  in  the  formation  of  the  middle  germ-layer  and  of  the  body- 
cavity  in  this  class  which  agree  with  those  in  Amphibia.  The  cross 
section  (fig.  95)  through  the  germ-disc  of  the  Rabbit,  taken  from 
his  work,  is  especially  convincing.  It  >ho\vs  the  fundament  of  th-- 
chorda  (ch)  as  a  single  layer  of  cylindrical  celN,  flanked  on  the  right 
and  left  by  the  middle  and  inner  germ-layers.  The  middle  germ- 
layer  consists  of  a  parietal  (tnk])  and  a  visceral  (mk-)  lamella  of  flat 
cells,  the  former  of  which  is  continuous  with  the  fundament  of  the 
chorda,  while  the  latter  bends  around  at  the  point  indicated  by  a 
star  to  become  continuous  with  the  single-layered  epithelium  of  the 
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inner  germ-layer  (ik).  The  place  where  the  tend  occurs  even  pro- 
trudes distinctly  as  a  lip  into  the  ccelenteron,  as  in  the  case  of  the- 
Amphibia.  Except  for  these  unions  at  the  sides  of  the  chordal 

mkl    ml?         ch 


Pig.  95.— Cross  section  through  the  germ  disc  of  an  embryo  Babbit,  after  E.  VAN  BENEDE*. 
ak,  Outer,  ik,  inner,  mk,  middle  germ -layer ;  mi1,  parietal,  mk*,  visceral  lamella  of  the  middle 
germ-layer;  eft,  chorda. 

fundament,  the  middle  germ-layer  is  everywhere  sharply  separated 
by  a  fissure  from  the  other  two  germ-layers.* 

Further  agreement  with  the  conditions  which  the  investigation 
of  Triton  has  furnished  is  afforded  by  a  series  of  cross  sections 
through  the,  primitive  streak — the  obliterated  blastopore.  In  the  case  of 
all  Vertebrates,  this  is  the  only  place  in  the  whole  embryonic  area  where 
all  three  germ-layers,  although  for  only  a  short  distance,  are  fused  with 
one  another,  and  cannot  be  distinguished  as  separate  layers,  whereas  at 
the  sides  of  this  region  they  are  separated  by  distinct  ^fissures. 

mk  ok 


Fig.  96.— Cross  section  through  the  middle  of  the  primitive  streak  of  a  Chick's  germ-disc,  which 
is  in  the  stage  of  development  represented  in  Fig.  81  B.  After  ROLLER. 

At  some  distance  from  the  primitive  groove  is  to  be  seen  upon  the  left  Bide  of  the  figure  in  cross 
section  the  marginal  groove  of  His.  Upon  the  right  side  it  ia  as  yet  little  developed. 

ale.  Outer,  ik,  inner,  mk,  middle  germ-layer ;  pr,  primitive  groove ;  pt,  primitive  streak  ;. 
gr,  marginal  gioove. 

Figure  96  represents  a  cross  section  through  the  embryonic  area 
of  a  Chick  in  which  the  primitive  groove  is  <li-tinrfly  developed, 

*  In  the  development  of  Mammals  there  has  been  observed  at  certain  stages 
Mmler  the  fundament  of  the  chorda  a  peculiar  structure,  the  so-called  chordal 
oanal,  which  is  not  found  in  the  other  classes  of  Vertebrates.  I  mention  it 
here  only  incidentally,  because  the  publication  of  VAN  BENEDEN'S  investiga- 
tions will  doubtless  furnish  the  desired  explanation  of  its  origin  and  signi- 
ficance. 
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\m[  in  which  11.  •  traces  of  the  medullary  folds  are  to  be  ol.-.-rv.  <1. 
Tin-  mit.-r  <_'.  Tin  layer  (<//.)  i-  OOmpOted  "f  a  Single  lay.-r  ..t'  tall 
cylindrical  cells,  th*1  inner  i:'-nii-l:iy«T  (Ik)  of  a  .-ii  i_rle  .-li- 

ly ilattenrd  element-.  In  tin-  space  between  the  two  there 
priH  tratrs  at  both  .-ides  of  the  primitive  groove  a  mass  of  small  ••••IN 
in  many  sup.-rpost  d  layer-.  the  in:  ///,).  In  the 

region  of  tin-  primitive  groove  (j>r)  tin'-  ^ms   uv«-r  cunt  iiun>u>ly 
tin-  outiT  .<:•  -nil-layer,  the  cells  of  u-hirh  ar.-  In  r<-  fi>uinl  in   pmli- 
tioii.  win  r»  as  its  lateral  wings  are  separat-  «1  from  the  outer  layer  }>y 
;i  ti»ur.-.     The  lower   «;.-i  in  lay«  r  is  drawn  \>y  K«»I.LKII  —  fr..m  frl 
work   tin-  accompanying  iigure   is  taken  —  a>  \.ry\\here    a 


ak 


Fig.  97.  — Cross  section  through  the  embryonic  area  of  a  Hole,  which  is  in  a  stage  corresponding 
approximately  with  that  of  the  Rabbit  represented  in  Fig  89  ,'i.     After  HIM,. 

;  asses  through  the  primitive  groove,  somewhat  behind  the  one  represented  in  1 
at,  Outer,  ile,  inner,  ink,  middle  germ-lax er  :  <-,  priinkivt-  i^-oove. 

separate  sheet  of  flattened  cells.  It  is  clear,  however,  from  other 
drawings  and  descriptions  by  DUVAL,  RABL,  and  others,  as  well  as 
from  the  accounts  in  regard  to  the  similar  development  of  Reptiles, 
that  for  a  en-tain  distance  und  rmath  the  primitive  groove  the 
middle  germ-layer  is  as  little  to  l»i-  distinguished  as  a  separate 
structure  from  the  lower  as  it  is  from  the  upp;-r  g.-rm-Iay.  p, 

Cross  sections  through  the  primitive  groove  of  mammalian 
embryos  are  very  in>triu'ti\t>  (tig.  97).  According  to  HEAPE'S  ii. 
tigations  on  the  Mole,  the  groove  (u)  cuts  divply  into  a  mass  of 
small  cells.  At  this  place  all  three  layer-  are  hi-  d  t«  ir •  tln-r  :  and 
it  is  only  laterally  to  this  that  they  are  -.parat-d  !>y  means  of 
a  distinct  fissure,  and  that  each  is  distinguishable  by  ite  charact«-r- 
i-tk-  kind  of  cells — the  outer  (ak)  by  its  tall,  tin-  innt-r  (/X)  hy  its 
nnu-h-flatt. md.  and  the  middle  (mk)  by  its  small,  more  spherical 
or  polygonal  cells. 

The  conditions  of  the  gorm-di-r  of  the   Rabbit  found  by   VAN 
BENEDEN   are   especially   di-tinct    (tig.   98).      At   the  deep  incision 
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of  the  primitive  groove    (pr)  all  three  germ-layers  are  joined  to 
one  another  for  a  certain  distance   by  means  of  a  common   cells 


Fig.  98.— Cross  section  through  the  primitive  groove  (blastopore)  of  a  Babbit's  germ-disc,  after 

ED.  VAN  BENEDEN. 
ak,  Outer,  it,  inner,  mk,  middle  germ-layer  ;  nit1,  parietal,  m'c3,  viscsral  lamella  of  the  middle 

germ-layer  ;  ul,  lateral  lip  of  the  blastopore  ;  prt  primitive  groove. 

mass.  At  the  same  time  one  may  observe,  with  tolerable  dis- 
tinctness, how  the  outer  germ-layer  (ak)  bends  around  into  the 
parietal  middle  layer  (mk1)  at  the  primitive  fold  (ul),  while  the 
visceral  lamella  (mk2)  is  continuous  with  the  entoderm  (ik),  which 
is  only  one  cell  thick.  Indeed,  in  embryos  of  Rabbits  and  Bats,  VAN 
BENEDEN  in  some  cases  observed  between  the  primitive  folds,  or 


mk1  ul 


mk1 


**    _ 

Fig  99.—  Cross    section  through    a   human  germ-disc,    with  open    medullary   groove,  in   the 

vicinity  of  the  neurenteric  canal  (pr),  after  GRAF  SPEE. 
ak,  Outer,  ik,  inner  germ-layer  ;  Hit1,  parietal,  mk',  visceral  lamella  of  the  middle  germ-layer  ; 

ul,  lateral  lip  of  the  blastopore  ;  pr,  primitive  groove. 

blastoporic   lips,   a   structure   corresponding   to    the    yolk-ping   of 
Amphibia. 

It  is  certainly  of  great  general  interest  that  the  investigation  of 

an  extraordinarily  young  human  germ-disc   at  the  hands  of  GRAF 

I  has  furnished  a  cross  section  (fig.  99)  which  is  near  enough 
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like  the  one  «>t'  the  Kabbit  hen-  Bgored  to  be  mi-taken  for  it.  In 
the  CftSe  of  tin-  human  «iiilr\«>.  (me  >•  •  'iii^  primitive 

groove.  :u ..1  at  tli.-  easily  recognisable  blastoporic  lip  (///)  tin-  bend- 
ing ovt  r  of  tin-  outer  &  rm  lay.  r  (»//•)  into  tin-  pari*  tal  lam.  lla  (//Jt1). 
The  viM-eral  lamella  (////t2)  is  well  »-|>arat  .1  t'n  111  th«-  latter  fm-  some 
di.Mahc  • :  ui  «l  r  tin-  primitive  groove  it  is  merged  with  the  inn. -r 
germ-layer,  tlu-Ml^es  of  the  potential  fold>  ..f  tin-  two  >i«i.-s  being 
fu-i  (1  int.)  a  ma->  of  oils,  which  forms  the  floor  of  the  primitive 
groove. 

Kinallv  an  agreement  with  the  development  <>f  tin-  Amplni-i.- 
not  wanting  in  sections  which   are  made   through   the   (  mln-yonic 
areas  of  Birds,  Reptiles,  and  Mammals  W< /'/*'/  the  primitive  groove. 
The    middle   germ-layer    begins  to  spr«  a«l  its»-lf  out  back  wan  1 
not,    lio\ve\.r.    as    in    the  antt  rior   part    of   the   emhryonic  ana,  in 
the  form  of  paired  fundaments,  but  rather  as  a  single  continuous 
cell -ma^s.       This    outgrowth     too    is    united    to   the    two    primary 
germ-layers  only  in  the  region  of  the  posterior  end  of  the  primi- 
tive  streak,    being   elsewhere    distinctly   separated   from    both   of 
them. 

For  the  completion  of  the  previous  account,  some  statements 
about  the  further  growth  of  the  middle  germ  'ay.  r  may  now  be 
a.l.ltd,  cone*  rninir  which  cross  sections  through  ••inhryos  of  \arious 
afford  evidence.  The  middle  germ  layer  >pna.N  it>.  If  out 
on  all  sid,s  between  the  two  primary  germ-lay.  r>,  farth.  r  and 
farther  from  the  place  of  its  first  formation — the  vicinity  of  the 
primitive  groove.  At  first  it  is  limittd  to  the  fundament  of  the 
embryo  itself,  then  it  makes  its  way  into  the  area  pi-llucid:i.  ai.d. 
finally,  it  is  encountered  in  the  opaque  area.  Everywhere  and 
antly  in  its  extension  it  appears  as  an  entirely  independent 
layer,  at  least  two  cells  thick,  which  i>  Be]  a  rated  from  its  surround- 
i>y  lissuiv>.  It  is  found  to  be  united  for  a  short  distance  with 
the  inner  and  outer  germ-lay»r>.  but  only  at  the  primitive  gr 
which  p;  r>i>ts  for  a  long  time, — in  old.  r  embryos  even, — as  we  have 
alnady  learn,  d  from  >urf  ace -views.  Even  in  the  >tage  when  the 
nenrenterk:  canal  traverses  the  primitive  >tnak.  and  put-,  the 
ceolenteric  cavity  (under  the  entoderm,  fig.  100  7/y)  in  communication 
with  the  n.-ural  tube,  we  see  the  cellular  lining  of  the  canal  and  the 
middle  germ-lay,  r  fused,  so  that  in  this  region  a  connection  >till 
exists  between  all  three  germinal  layers.  Compare  the  accompany- 
ing cross  sections  through  embryos  of  Lao-rtu  muralis. 

After  the  statement  of  the  actual  conditions,  the  <ju« >ti«»ns  remain 


136 


EMBRYOLOGY. 


mep 


to  be  answered  :  (1)  What  is  the  meaning  of  the  primitive  groove  ? 
(2)  How  is  the  middle  germ-layer  developed  ? 

In  the  interpretation  of  the  primitive  groove  I  place  myself,  as  is 
to  be  seen  from  what  precedes,  wholly  on  the  side  of  those  investi- 
gators who,  like  BALFOUR,  HATSCHEK,  KUPFFER,  HOFFMANN,  VAN 
BEN  EDEN,  L.  GERLACH,  RtfCKERT,  and  others,  recognise  in  it  a  structure 

equivalent  to,  but  somewhat  modi- 
fied from,  the  blastopore  of  lower 
Vertebrates,  and  who  compare  the 
primitive  folds  to  lateral  blasto- 
poric  lips  closely  pressed  together. 
In  my  description  of  a  previous 
stage  I  have  already  designated 
as  blastopore  the  crescentic 
groove  of  Birds  (fig.  52  B  s) 
and  the  prostoma  (fig.  55  u) 
of  Reptiles,  because  that  is  the 

Fig.  100.— Cross  sections  through  the  posterior 

end  of  a  young  embryo  of  Lacerta  muralis, 

after  BALFOUR. 

In  figure  A  the  neurenteric  canal  is  cut  length- 
wise ;  in  figure  B  only  an  evagination  of 

it,  which  is  directed  backward.    Since  the 

sections  probably  have  not  cut  the  chief 

axis  of  the  embryo  perpendicularly,  the 

middle  germ-layer  is  fused  with  the  wall 

of  the  canal  only  on  the  right  side  in  figure 


•Ay 


A,  whereas  in  figure  B  the  connection  is 
present  on  both  sides. 

\e,  Neurenteric  cana  ;  ep,  outer,  mep,  middle, 
hy,  lower  germ-layer. 


place  where  the  lower  germ-layer 
is  infolded.  In  my  opinion  both 
grooves  are  identical  structures, 
which,  by  changes  in  position  and 
form,  have  been  so  evolved,  the 
one  from  the  other,  that  the 
fissure,  which  was  at  first  trans- 
verse, has  become  converted  into  a 
longitudinal  one.  For  Reptiles 
KUPFFER  has  established  this  to 

a  certainty.  According  to  his  figures  in  Emys  Europaea,  e.g.,  the 
transverse  depression  (u)  represented  in  fig.  101  A  is  converted  at 
a  later  stage  into  the  form  shown  in  the  adjacent  figure  (101  B  u). 
For  the  Birds  the  investigations  of  DUVAL  previously  recounted 
(p.  121,  fig.  82)  are  convincing.  There  is  also  to  be  taken  into 
account  the  additional  fact,  that  even  as  early  as  in  the 
Amphibia  an  exactly  corresponding  metamorphosis  of  the  blasto- 
pore takes  place.  As  the  accompanying  cuts  (fig.  101  C  and  D) 
show,  the  blastopore  of  the  Amphibian  is,  at  its  first  appearance, 
a  transverse  fissure  (fig.  101  C  u).  Then  it  becomes  circular,  and 
embraces  with  its  lips  a  protruding  portion  of  the  otherwise 
enclosed  yolk-mass, — the  yolk-plug, — becomes  narrower,  and  is 
continued  forward  into  a  longitudinal  groove.  Finally  it  appears 
(fig.  101  D  u)  as  a  deep  groove*  situated  at  the  end  of  the 
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m«  dtillary  furrow.  \\  it li   it^  .small   t-iirular  op.-nii!i:   lill.d   up  with   n 

yolk-plug. 

In  addition  tin  re  are  three  important   oonaderatkxu  whiob   : 
he  uri:  d  ill  support  of  tin-  interpretation  of  tin-  primitive   <:n><> 

pore. 

Kir.st,  the  primitive  streak,  even  when  an  opm  canal  is  \vair 
is  tlu-  only  ]>lace  in  the  whole  germ-disc  where  a  connection 


Fig.  101.    A  and  B.— A  portion  of  a  younger  and  of  an  older  embryonic  fundament  of  Emys 

Europaea,  with  the  prostoma  or  blastopore  do,  aft-r  KITKFKK. 
«/,  Lip  of  tho  blaatopore. 
C  and  D.— Two  eggs  of  Triton  taeriatus  seen  from  the  blastopore,  one  30  hours,  the  other  53  hours 

after  artificial  fertilisation. 

M,  Bhistoiwre  ;  h,  elevation  between  blastopore  and  dorsal  groore ;  /,  semicircular  furrow,  which 
a  the  blastoiwric  area  ;  dp,  yolk-plug. 

all  the  germ-la y. -r-  is  constantly  present,  as  at  the  Amphibian 
blastopore. 

Secondly,  the  chief  organs  of  the  body,  MU!I  as  the  chorda,  the 
neural  tube,  and  the  primitive  segnu  nt-.  are  drvrluprd  in  front  of 
the  primitive  streak  in  the  case  of  the  higher  V.  s,  just  as 

they  arise  in  front  of  the  blastopore  in  Amphioxus  and  the  Amphibia. 
Both  blastoporo  and  primitive  streak  occupy  the  posterior  end  of  the 
body.  The  so-called  cephalic  process  of  the  primitive  >tnak  is 
nothing  else  than  the  first  rudiment  of  the  chorda. 

Thirdly,  one  may  still  recognise  in  the  openings — canales  neu- 
renterici— which  have  been  pointed  out  in  the  primitive  >tr«  ak  at  an 
earlier  or  later  stage  in  its  development,  in  the  case  of  Birds,  Reptiles, 
and  Mammals,  an  indication  that  an  open  communication  has 


138  EMBRYOLOGY. 

existed  here  from  the  beginning  between  the  inner  and  the  outer 
germ-layers ;  further,  that  this  communication  has  disappeared 
through  the  fusion  of  the  blastoporic  lips,  but  that  it  can  be  in  part 
reestablished  in  consequence  of  more  favorable  processes  of  growth. 
At  the  same  time  the  neurenteric  canal,  in  cases  where  it  reappears 
in  the  primitive  streak,  effects  a  very  characteristic  union  between 
the  posterior  ends  of  the  neural  and  intestinal  tubes,  in  exactly  the 
same  manner  in  which  the  blastopore  of  Amphioxus,  the  Amphibia, 
and  the  Selachii  does  (compare  fig.  80  with  fig.  88  n.e). 

In  the  interpretation  of  the  primitive  groove  as  blastopore  I  am 
compelled  to  oppose  a  somewhat  different  view.  Certain  investi- 
gators (BALFOUR,  RAUBER,  and  others)  recognise  in  the  primitive 
groove  and  the  crescentic  groove  of  meroblastic  eggs  only  a  small 
part  of  the  blastopore ;  they  interpret  as  the  major  part  of  it  the 
region  which  is  encircled  by  the  whole  rim  of  the  germ-disc  and  is 
occupied  by  the  yolk-mass,  and  to  which  they  give  the  name  yolk- 
blastopore.*  According  to  their  conception,  as  also  according  to 
the  original  assumption  of  HAECKEL,  the  two-layered  germ-disc  i-  a 
flattened-out  gastrula, — its  blastoporic  rim  lying  upon  the  yolk- 
sphere, — which  gradually  grow.s  around  the  yolk,  and  finally  takes 
the  latter  wholly  inside  itself,  just  as  if  it  were  a  Jmll  of  food.  The 
primitive  groove  is  a  small  detached  part  of  the  blastopore,  which  is 
connected  with  the  development  of  the  middle  germ-layer.  The  two 
parts  become  completely  separated  from  each  other,  and  are  closed 
at  different  times,  each  for  itself,  the  yolk-blastopore  often  late,  at 
the  pole  of  the  yolk-sac  which  is  opposite  to  the  embryo. 

Such  an  assumption  of  a  double  blastopore  appears  to  me  to  be 
untenable.  /  propose  that  only  tliat  place  of  the  germ  be  designated  as 
blastopore  at  which,  as  in  the  gastrulation  of  Amphioxus  and  the 
Amphibia,  there  actually  occurs  an  invagination  of  cells,  by  means  of 
u-hich  the  cleavage-cavity  is  obliterated.  Such  a  process  takes  place 
in  the  Selachii  only  at  the  crescentic  hinder  part  of  the  margin  of 
the  germ-disc,  in  the  Reptiles  and  Birds  at  the  small  place  designated 
as  crescentic  groove.  It  is  also  from  this  place  alone  that  subse- 
quently the  development  of  the  middle  germ-layer  proceeds. 

The  anterior  margin  of  the  germ-disc  in  Selachians,  and,  after  the 
conversion  of  the  crescentic  groove  into  the  primitive  groove,  the  whole 

*  RAUBER  bas  suggested  for  the  various  regions  which  he  assumes  for  the 
blastopore  the  designations prostoma  sulcatnm  /P//V''' "</'>< '/fa  (primitive  groove), 
firostoma  tulcatum  falciforme  (crescentic  groove),  and  prostoma  martjinule 
(yolk-blastopore). 
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(If  •/•/•///  diio  </<   Bird*  and  Rqritfe*,  A-'  •///- 

'  N  /'<//?  i/K'ntioH.  This  margin  exhibits  i  vrry  different  relation-hip 
1'ri'in  that  of  the  primitive  Stria  k  or  hla<topore  ;  it  is  a  |»  culiarity  of 
lnerohlaMii-  eggB,  which  is  uu»>t  int  in;at  «-ly  a»ociat«d  with  tin-  origin 
£  partial  Cleavage,  It  indie-alts  tin-  place  at  which  tip-  s.-gm»-nt.  (1 
portion  of  tin- grim  miets  tin-  niiM'.L'mented  portion — the  place  at 
which  there  li«-  in  llir  y«ilk  frrc  nuclt  i,  liy  in«  ans  nf  wliicli  a  supjilr- 
m«-ntary  clra\a^.-  is  k«-pt  up  until  !a!--  Ma^i-s  in  thr  jtroccss  of 
Ifv.'lnpinciit.  until,  in  fact,  the  time  when  the  two  primary  :_• 

rs  have  been  formed  by  means  of  the  in  valuation  whioh 
•i¥rur>  at  iln-  Ma^topore.  At  the  expense  of  the  cell-mat i-rial.  whii-h 
is  constantly  lu-ing  augmented  by  supplementary  cleavage,  the  germ- 
layns  iiHTcasr  in  cxtt-nt  at  their  place  of  transition  into  the  yolk, 
and  thus  gradually  grow  over  the  imsegmented  part.  W/iereas  at 
tlif  Llnstopore  an  invagination  of  cells  <i?r«t>/</  present  takes  place,  there 
ensues  at  the  margin  of  the  germ-disc  a  formation  of  new  cells,  and 
thereby  an  increase  of  the  marginal  part  and  an  overgrowth  of  the 
y»lk.  I  tin  rt fore  propose  for  it  the  name  circumcrescence-ma /•'//// 
«f  tin'  yolk-sphere.  There  can  be  no  such  thing  as  a  separate  openini: 
*•!•  a  yolk-blastopore,  because  the  yolk  is  an  organic  part  of  the  germ. 

ami  is  in  continuity 
with  the  segmented 
part  of  it  by  means 
of  the  layer  whii-h 
contains  the  yolk- 
nuclei. 

If  we  would  insti- 
tute a  comparison  be- 
t\\ •••i'ii  animals  with 
meroblastic  eggs  and 
theAinphiliiaat  a  stage 
when  gastnilation  is 
not  yet  completed,  then 
the  blastopore  of  the 
Amphiliia.  which  is 
indicated  by  the  letter 
u  in  the  accompany 
section  through  the 

-a>trula  of  a  Triton  (fig.  102),  corresponds  to  the  prostoma  of  Rep- 
tiles, and  to  the  crescentic  and  primitive  grooves  of  Birds;  the  still 
t.\]  osed  mass  of  yolk-cells  corresponds  to  the  yolk-material  which  is 


Fig   102.  -~  Longitudinal  section  through  a  ga»trula  of  Triton. 
r,  i£,  inner  germ-layer  ;//,,  ck-ava-e-cavity  ; 
1  on  ;  u,  blastoiwre  ;    rfz,  yolk-i-- 
ventral  lip  of  the  cit-Icn-- 
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not  yet  overgrown  by  germ-layers ;  the  place  marked  by  a  star,  at 
which  in  the  Amphibia  the  transition  from  the  small-celled  layer 
to  the  mass  of  yolk-cells  occurs,  or  the  marginal  zone  of  GOETTE,  is 
comparable  to  the  margin  of  circumcrescence  in  meroblastic  eggs. 

In  the  second  place,  the  question  arises :  How  is  the  middle  germ- 
layer  of  Vertebrates  developed  ?  The  answer  is :  By  a  process  of 
folding  similar  to  that  in  the  case  of  Amphioxus  lanceolatus.  This 
answer  is  substantiated  by  the  fact  that  the  individual  processes  in 
the  development  of  the  middle  germ-layer  may  be  correlated  with 
corresponding  processes  in  Amphioxus. 

In  view  of  the  fundamental  importance  of  the  matter,  I  formulate 
in  a  synoptic  and  precise  manner  in  six  paragraphs  the  points  in 
reference  to  which  it  has  been  possible  to  establish  an  agreement  in 
all  Vertebrates. 

1.  Before  the  chorda  is  formed,  the  germ  in  all  Vertebrates  is 
composed  of  two  layers  in  the  region  of  a  median  streak  which  lies 
in  front  of  the  blastopore  and  primitive  groove.     It  is  here  composed 
of  the  medullary  plate  and  the  fundament  of  the  chorda,  which  then 
shares  in  bounding  the  intestinal  cavity. 

2.  At  both  sides  of  this  median  streak  the  germ  is  three-layered, 
if  we  regard  the  middle  germ-layer  as  a  single  one ;  it  is  four-layered, 
if  we  allow  that  the  latter  consists  of  a  parietal  and  a  visceral  cell- 
layer,  which  are  originally  pressed  firmly  together,  and  only  later 
actually  separated  by  the  appearance  of  the  body-cavity. 

3.  In  no  Vertebrate  do  the  middle  germ-layers  arise  by  fission, 
either  from  the  outer  or  the  inner  germ-layers,  because  they   are 
everywhere,  except  in  a  very  limited  region  of  the  germ,  sharply 
separated  from  both  by  means  of  a  fissure. 

4.  A  connection  of  the  middle  germ-layers  with  the  neighbouring 
cell-layers  takes  place  only  :  (a)  at  the  blastopore  or  primitive  groove, 
where  all  four  (or  three)  germ-layers  are  joined  together,  and  (6)  at 
both  sides  of  the  fundament  of  the  chorda. 

5.  One  observes  the  first  fundament  of  the  middle  germ-layers  at 
the  region  of  the  germ  just  mentioned,  and  sees  it  spread  itself  out 
from  here — i.e.,  from  the  periphery  of  the  blastopore  or  the  primitive 
groove,   and   from   both   sides    of    the   fundament   of   the   chorda 
— forward,    backward,   and   ventrad  or  laterad.      In  front   of  the 
blastopore  it  appears  in  the  form  of  paired  fundaments  separated  l»v 
the  fundament  of  the  chorda ;  behind  the  blastopore,  on  the  contrary, 
as  a  continuous  structure. 

6.  While  the  chorda  is  being  developed,  the  two  paired  fundaments 
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of  tin-  middle  IT-  rm-la\vr>  d<  ia<-h  them-  Ives  from  tin-  adjacent  (•••11- 
lavers  at  th.'  >i«li-s  where  tin  ir  ingrowth  took  place,  and  at  the  same 
time  tin-  halves  of  the  permanent  entoderm  grow  together,  wh-T-  l>y 
the  dorsal  closure  of  the  intestine  is  effected. 

In  \ie\vofthesefactsthere  is  only  one  explanation  at  which  we 
can  arrive.  If  it  is  certain  that  the  middle  germ-layers  do  not 
ari>e  I»v  a  ii»i«m  in  [<»'<>  1'rom  either  of  the  primary  germ-layers, 
then  their  gradual  sj>r<  ading  out  from  a  definite  region  of  the  germ 
(an  result  only  from  an  ingrowth  of  cells,  which  0  <>m  those 

places  where  a  connection  with  other  cell-layers  has  been  demon- 
strated. The  middle  germ-layers  draw  the  principal  material  for 
their  growth  from  cells  which,  at  the  blastopore  or  at  the  primitive 
groove,  migrate  between  the  two  primary  germ-layers. 

But  this  immigration  of  cells  may  be  interpreted  as  a  process  of 
infolding  of  the  primary  germ-layers,  as  in  the  case  of  Amphioxus. 
In  the  method  of  the  infolding  there  exists,  it  is  true,  one  very 
striking  and  apparently  important  difference  between  Amphi' 
and  the  remaining  Vertebrates.  In  Amphioxus  the  middle  germ- 
layer  arises  as  a  hollow  sac,  by  means  of  the  folding  of  the  inner 
germ-layer — in  the  remaining  Vertebrates  as  a  solid  mass  of  cells. 
This  undeniable  difference  is,  however,  easily  explained  in  the 
following  manner :  In  the  solid  fundaments  of  the  middle  germ- 
layer  a  cavity  is  wanting,  because  the  cellular  walls  of  the  sac  are 
from  the  beginning  firmly  pressed  together,  in  consequence  of  the 
yolk-mass  which  fills  the  coelenteron.  In  addition  to  other  striking 
•ements  with  the  conditions  in  Amphioxus  lanceolatus,  there  are 
three  pointsof  viewwhich  in  particular  commend  this  interpretation  : — 

(1)  In  all  vertebrated  animals  there  early  arises  in  the  middle 
germ-layer  a  fissure,  which  is  surrounded  by  cells,  often  cubical  or 
cylindrical,  having  an  epithelial  arrangement.  The  parietal  and 
;al  layers  then  take  the  form  of  epithelial  lamellae,  as  is  to  be 
>eeii  in  an  especially  striking  manner  in  the  case  of  the  Selachii  at 
a  very  eanly  stage  of  development.  (2)  From  these  epithelial  layers 
there  arise  in  the  adult  genuine  epithelial  membranes,  like  the 
ciliated  peritoneal  epithelium  of  many  Vertebrates,  and.  in  addition, 
glands  that  in  many  respects  resemble  the  glands  derived  from 
«  piihelial  membranes  [of  the  other  germ  -lay.  i>|  (kidney,  ; 
ovary).  (3)  The  objection  that  the  middle  germ -layer  of  Verte- 
brates arises  as  a  single  cell-mass,  and  therefore  cannot  be  equi- 
valent to  two  layers  of  epithelium,  loses  its  weight  with  every  one 
who  knows  the  numerous  analogous  phenomena  of  development 
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occurring  elsewhere,  in  which  organs  that  should  be  hollow  are  at 
first  developed  as  solid  masses  of  cells.  We  shall  hereafter  cite  as 
such  the  solid  fundament  of  the  neural  tube  in  Bony  Fishes,  many 
sensory  organs  and  the  most  of  the  glandular  sacs,  which  latter 
arise  as  solid  buds  of  epithelial  lamellae,  and  only  later,  when  they 
become  functionally  active,  acquire  a  cavity  by  the  separation  of 
their  cells. 

NUMMARY. 
A.     The  blastula. 

1.  Out  of  the  mass  of  cleavage-cells  (morula)  there  is  developed 
in  all  Vertebrates  a  sac-like  germ  (blastula)  with  cleavage-cavity. 

2.  There  are   four   different   kinds   of   blastulse   in    Vertebrates, 
according  to  the  amount  and  distribution  of  yolk. 

(a)  In  Amphioxus  the  cleavage-cavity  is  very  large,  and  its 

wall  consists  of  a  single  layer  of  cylindrical  cells  of 
nearly  uniform  size. 

(b)  In  Cyclostomes  and  Amphibia  the  cleavage-cavity  is  small : 

one  half  of  the  wall  of  the  blastula  is  thin,  and  composed 
of  one  or  several  layers  of  small  cells ;  the  other  half  is 
considerably  thickened,  and  formed  of  large  yolk-cells 
arranged  in  many  superposed  layers. 

(c)  In    Fishes,    Reptiles,    and    Birds   (meroblastic    eggs)   the 

cleavage-cavity  is  small  and  fissure-like  or  wanting. 
Only  its  roof  or  dorsal  wall  consists  of  cells  (germ-disc) ; 
its  floor  or  ventral  wall,  on  the  contrary,  consists  of  the 
yolk-mass  which  has  not  been  divided  into  cells,  but 
which  contains  yolk-nuclei  in  the  vicinity  of  the  margin 
of  the  germ-disc. 

(d)  In  Mammals  the  cleavage-cavity  is  very  spacious,  and  filled 

with  an  albuminous  fluid  ;  its  wall  is  composed  of  a  single 
layer  of  greatly  flattened  hexagonal  cells,  with  the 
exception  of  a  small  thickened  place,  where  larger  c  •«  -11s 
in  several  superposed  layers  cause  an  elevation  which 
projects  into  the  cavity. 

B.     The  cup-shaped  larva  or  gastrula  with  two  germ-layers. 

1.  There  is   formed   out  of  the  blastula,  by  the  invagination  of 
a  portion  of  its  surface,  a  two-layered   form,  the  beaker-larva  or 
gastrula. 

2.  The  two  layer*  of  the  double  beaker  are  the  outer  and  the 
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inner    ireriu  la\er    (ectoblast,    entol.l.-tM  )  ;    tin-    ti  — tin-   M 

two     layers     i>    the    ol.litel.'it.  d     rlea  \  :•.  L'«'-ra  \  ilV  ;    tin-    ea  \  it  V     n»snltil»^ 

from    tlif   invagination   N   tin-   cirK-iitfroii.it-   external   opening  tin- 
primitive  mouth   (blastopore,  prostoma,  crescentic  groove,  primitive 

3.  The  four  kinds  of  gastrulae  correspond  to    tin    four 
Mast 

(a)  In   Amphioxus   the   coelenteron  is   wide,  and  each  germ- 

layer  i>  made  up  of  a  singi-  f  cylindiical  celN. 

(b)  In   Cyclostomes  and  Amphibia   the   mass  of  yolk  i 

accumulated  on  the  vrntral  nail  of  the  cu-lmt-Tmi  in 
the  inner  germ  layer,  and  causes  a  protuberance,  by 
means  of  which  the  ca-lnittTon  is  reduced  to  a  fi^- 

(c)  In  Fishes,  Reptiles,  and  Birds  the  process  of  invap:, 

n  mains  confined  to  the  germ-disc,  since  the  unsegmentr.l 
yolk,  on  account  of  its  cun.-idnable  volume,  cannot  be 
made    to   share    in   the   imagination.       The   cjerm- 
becomes  two-layered  by  means  of  an  ingrowth  of  cells 
at  the  crescentic  groove  (blastopore).     The  yolk  at-ijuii •«  B 
a  cellular  boundary  very  slowly  and  at  a  late  period ; 
it    is    overgrown    by    the    margin     of    the  germ   '. 
when  the   supplementary   cleavage   (yolk-nuclei)    tak. •> 
place* 

The  outer  germ-layer  spreads  itself  out  ai.d  »-n\vl»>p> 
the  yolk  most  rapidly;  then  follows  the  inner,  and  finally 
the  middle  layer. 

(cZ)  In  Mammals  the  inner  germ-layer  is  developed  from  the 
thickened  region  of  the  blastula,  probably  by  means  of 
an  invagination,  because  at  a  later-  stage  an  orifice  of 
invagination,  comparable  with  the  primitive  groove  of 
Birds,  or  a  blastopore,  can  be  demonstrated.  At  the 
beginning  of  its  development  the  inner  germ-la\ei 
terminates  below  in  a  free  margin,  so  that  the  ccelen- 
teron  is  for  a  time  closed  in  on  the  ventral  side  by  the 
outer  germ-layer  only,  a  peculiarity  which  is  comparable 
with  the  conditions  in  Reptiles  and  1'irds  if  we  cone 
the  yolk-material  to  have  disappeand  in  this  instance 
before  it  is  completely  surround,  d  by  tin*  inner  germ- 
lay 

4.  In    Vertebrates    the    gastrula    presents   a  sharply   expressed 
trilateral  symmetry,   so  that  one  c;m   ea-il     distinguish   the  future 
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head-  and  tail-ends,  the  future  dorsal  and  ventral  sides  of  the  body. 
The  blastopore  (crescentic  groove,  primitive  groove)  marks  the 
posterior  end.  The  ventral  side  is  characterised  by  being  the  place 
where  the  segmented  or  unsegmented  yolk-material  comes  to  lie. 

C.     The  embryo  with  four  germ-layers  and  a  body-cavity. 

1.  In   all   Vertebrates  there  are  formed  from  the  roof  of    the 
ccelenteron  two  lateral   evaginations   of  the  inner  germ-layer,  by 
means  of  which  the  coelenteron  is  divided  into  a  median  cavity,  the 
secondary  intestine,  and  two  lateral  cavities,  the  two  body-sacs. 

2.  The  primary  inner  germ-layer  is  resolved  in  consequence  of 
this  process  of  evagination  into  three  parts  : — 

First,  the  epithelial  lining   of   the   intestinal  tube   (secondary 

inner  germ-layer — Darmdriisenblatt). 
Secondly,  the  epithelial  lining  of  the  body-cavity,  or  the  middle 

germ-layer,  in  which  a  parietal  and  a  visceral  layer  are 

distinguishable. 
Thirdly,  the  chorda,  which  takes  its  origin  from  the  portion  of 

the   primary  inner  germ-layer  which  lies  between  the 

lateral  evaginations  from  the  roof  of  the  coelenteron. 

3.  Two  modifications  of  the  process  of  evagination  can  be  recog- 
nised in  the  case  of  Vertebrates. 

(a)  In  Amphioxus  the  evaginations  are  small,  numerous,  and 

segmentally  arranged;  provided  from  the  first  with  a 
cavity ;  and,  beginning  in  the  f undus  of  the  coslenteron, 
developed  toward  the  blastopore. 

(b)  In  the  remaining  Vertebrates,  instead  of  hollow  sacs,  there 

grow  out  from  the  inner  germ-layer  two  solid  masses  of 
cells : — 

(1)  In  the  vicinity   of  the   blastopore    (primitive   groove, 

peristomal  mesoblast). 

(2)  From  here  forward  along  the  roof  of  the  coelenteron, 

at  a  slight  distance  from  the  median  plane,  at  both 
sides  of  the  fundament  of  the  chorda  (g.i-tr.  1 
mesoblast). 

The  paired  fundaments  spread  themselves  out  from 
their  place  of  origin  between  the  two  primary  germ- 
layers  farther  forward  and  ventralward. 

4.  The  three  organs  derived  from  the  primary  inner  germ-layer 
(middle  germ-layer,  fundament  of  the  chorda,  secondary  inner  germ- 
layer)  are  separated  from  one  another  by  constrictions. 
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First,  tin-  hedy-sacs  arc  detached  from  the  I'm  da  m.  nt  of  tin' 
cl  orda  and  tin-  «  -ntoblaM .  \\  hereupon  t  he  edgefl  "f  the 
parietal  and  \  i>cer.il  lamell.-e.  thus  set  five.  l'u-e  \\ith 

cad)    Ut  ll«    !'. 

Secondly,  the  fundament  of  tin-  chord i  i>  bent  into  a  chordal 
groove,  and  this  i^  <-on\  erted  into  a  solid  rod,  which  is 
completely  i-olatt  d  I'roin  tin-  entohl.. 

Thirdly,  t  In-  riitol»l:i>t  do0efl  to^rtln-r    intt.  a  tul>.-  with    a    d<>r-;il 

raphe, 

5.  The    development   of   the    three    fundament-,  as   also   that  of 
various   other   organs,    lu-^in>    at    tin-    h»  ad-end   of    the    ••inln-yo,   and 
•id\ani-es  from  hei-e  toward  tin-  lila.stojmre,  where  for  a   l<m«r  time  u 
continual  formation  of  new  jiai'ts  and  an  increase  in  the  longitudinal 
growth  of  the  body  take  place. 

6.  During  the  development  of  the  middle  germ-layer,  the  blasto- 
pore  of  the   Amphil>ian>.  Ki>he>.  K.|>;il.>,  I'.nd-.  and   Mammal-    ha- 
!••  en  metamorphosed  into  a  groove  occupying  the  longitudinal  axis 
of  the  embryo  (primitive  groove  of  the  hiu. 

7.  The   blastopore  and  the   primitive   groove  in    later    -t.nres   of 
development  undergo  degeneration,  and  are  not  converted  into  any 

oig.in  of  the  adult.      (For  the  d.-t.iils  of  thi-,  966  I'art   II.) 

8.  Before  their  disappearance  the  hla.-topore  and  primitive  groove 

are  BlIITOUnded  by  the  medullary  folds  and  taken  into  the  icrn.inal 
part  of  the  neural  tube,  whereby  a  direct  communication  between 
neural  tube  and  intestinal  tube — the  neuren teric  canal  i-  effected. 
The  two  orv'an-.  which  communicate  with  each  other  fora  long  time. 
are  later  separated  by  its  closure. 


CHAPTER    VII. 
HISTOHY  OF  i  in:  &JSBM-LAYBR 

'I'm:  fundamental  facts  of  the  sheet -like  Mructure  of  the  vertebrate 
body,  which  have  been  treated  of  in  the  two  precedin-  chapters,  are 
epitomised  as  the  doctrine  of  the  germ -layers,  or  the  germ-layer 
tneory.  Since  this  theory  is  «.f  the  m«»>t  far-reaciiing  >igniticanc»» 
for  the  com  pi  ehenaion  of  the  evolution  of  form  in  animals,  and  can 

in1  plai-ed  side  by  side  with  the  cell-ti  'jr.|iial  with  : 

1  devote  a  separate  chapter  to  its  hi>t 

10 
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The  very  earliest  establishment  of  the  germ-layer  theory  is  asso- 
ciated with  the  most  celebrated  names  in  the  field  of  embryology  : 
•CASPAR  FUIEDRICH  WOLFF,  PANDER,  and  CARL  ERNST  VON  BAER. 

CASPAR  FRIEDRICH  WOLFF,  the  discoverer  of  the  metamorphosis  of 
plants,  who,  even  before  GOETTE,  had  clearly  and  distinctly  stated 
that  the  various  organs  of  the  plant,  as,  for  example,  the  separate 
parts  of  the  flower,  have  been  developed  by  various  modifications  of 
leaf-like  fundaments,  also  established  the  metamorphosis  of  animals, 
for  which  he  endeavoured  to  found  a  similar  law  of  development. 

He  showed  in  his  important  work  on  the  formation  of  the 
intestinal  canal  of  the  Chick,  that  it  originally  appeared  in  the  egg 
as  a  leaf-like  structure,  and  that  this  afterwards  became  folded  into 
a  groove,  and  finally  converted  into  a  tube. 

He  conjectured  that  the  remaining  systems  of  organs  might  arise 
in  a  similar  way,  and  appended  to  the  account  of  the  development  of 
the  intestinal  canal  the  significant  assertion  :  "  It  appears  as  though 
at  different  periods,  and  many  times  in  succession,  various  systems 
might  become  formed  after  one  and  the  same  type,  and  as  if  they 
might  be  on  that  account  similar  to  one  another,  even  though  they 
are  in  reality  different.  The  system  which  is  first  produced,  which 
is  first  to  take  on  a  specific  form,  is  the  nervous  system.  When 
this  is  concluded,  then  the  fleshy  mass,  which  really  makes  up  the 
embryo,  is  formed  after  the  same  type ;  then  appears  a  third,  the 
vascular  system,  which  certainly  ...  is  not  so  unlike  the  first  ones 
that  the  form  described  as  common  to  all  systems  could  not  be  easily 
recognised  in  it.  After  this  follows  the  fourth,  the  intestinal  canal, 
which,  again,  is  formed  after  the  same  type,  and  appears  as  a  com- 
pleted independent  whole,  similar  to  the  first  three." 

WOLFF'S  article,  written  in  Latin,  made  no  impression  on  his 
contemporaries;  it  had  to  be  rescued  from  oblivion  by  MKIKKI.. 
who  published  a  German  translation  of  it  in  1812.  It  was  probably 
by  means  of  this  translation  that  the  attention  of  PANDER  was 
directed  to  WOLFF.  PANDER,  under  the  stimulus  and  direction  of 
his  celebrated  teacher,  DOLLINGER,  further  developed  the  doctrine, 
the  germ  of  which  was  contained  in  WOLFF'S  paper. 

In  his  publication,  "  Beitrage  zur  Entwicklung  des  Hiihnchens 
im  Ei,"  issued  in  the  year  1817,  PANDER  distinguished  in  the  blasto- 
derm, as  early  as  the  twelfth  hour  of  incubation,  two  thin  separable 
lamellce  as  the  serous  layer  and  the  mucous  layer,  and  main- 
tained that  subsequently  a  third,  the  vascular  layer,  was  developed 
between  them.  "  Whatever  noteworthy  may  subsequently  occur,1 
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he  remarks.  "  it    is  never  to  be  regarded  as  anything  an  a 

int'tamoi-plio-is  of  tin'  /lA.-.v/. ../.•/•///  <(n>/  it*  layers,  endowed  as  they  are 
with    an    inexhaustible    store    of   format  iv    energy."      A  few  years 
later  the  germ-layer  theory  reached  at  the  hands  of  CAUL  I 
BAKU  a   preliminary  completion,  which  .-<  DBA.      fOI 

UU.K.   like\\i-e  a  pupil  of  DI>U.IM;KK,  had  obsTv«d  in  Wiir/.hurg  the 
beginning   of  the  investigations  of  his  young   friend,    i  In 

laborious  studies  pursued  for  many  years,  BACH  followed  with 
wonderful  accuracy  the  origin  of  the  germ-layers  and  their  i 
morpho.xis  into  the  individual  organs  of  the  adult  body,  principally  in 
tin-  case  of  the  Chick,  but  also  in  the  case  of  some  other  Vertebrates, 
ami  recorded  his  investigations  in  his  classical  work,  "  Ueber  Kntwick- 
lungsgeechichte  der  Thiere,  Beobachtung  nnd  Reflexion,"  which  is 
unsurpassjible  both  in  observations  and  in  its  «:.MiiTal  standpoiir 

BAKU    diilcrs   from   PANDER   in    maintaining   that    each    of   the 

t\\o    primary    germ-layers,   which   lir    di>tinguishcs    as    animal  and 

aiivo,    subsequently    divides    into    two    sheets.      The     aniim.l 

layer  divides  itself  into  dermal  lamella  and  sarcous  lamella 

<  Hautschicht,    Fleischschicht),  the  vegetative  into  mucous  lamelki 

and  vascular  lamella,  so  that  now  four  secondary  «:• -mi-layers  have 

at  i>«-n.     The  individual  organs  are  developed  out  of  the  germ-layers 

by  morphological  and  histological  differentiation. 

A  further  advance  beyond  that  of  BAKU  could  not  be  attained 
until,  with  the  establishment  of  the  cell-theory,  entirely  new  points 
of  view  were  introduced  into  morphology  and,  with  improved  con- 
st ruction  in  microscopes,  methods  of  investigation  were  refined. 
It  is  chit'ily  UKMAK  and  KOLLIKER  who  have  promoted  the  germ- 
layer  theory  in  this  direction. 

REMAK   took  in  hand  successfully  in  his  noted  investigations  on 
the  development  of  Vertebrates  the  very  important  question,  how 
the  originally  similar  cells  of  the  germ-layers   are  related  to  the 
tisanes  of  the  completed  organs.     He  show.-d  that  out  of  the  lov 
of  the  four  germ-layers  there  proceed  only  the  epithelial  and  glan- 
dular cells  of  the  intestinal  tube  and  its  appendages,  that  from  the 
uppermost  layer  the  epithelial  cells  of  the  epidermis,  the  sensory 
organs,  and  the  nervous  tissue  arise,  whereas  the  two  middle  la; 
furnish  the  mechanically  sustentative  substances  and  the  blood,  tho 
musculai  tissue,  and  the  urinary  and  sexual  organs 

In  regard  to  the  manner  in  which  the  four  secoii  m-layers 

ari>e,  REMAK  differs  from   BAER.     Out  of  the  two  primary  germ- 
layers  he  first  makes  a  third  one,  the  middle  germ-layer,  arise,  and 
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indeed  he  derives  it  exclusively  from  the  lower  germ-layer  by  a 
process  of  fission.  He  designates  the  three  layers  as  the  upper  or 
sensorial,  the  middle  or  motor-germinative,  and  the  lower  or  trophic. 
The  four  secondary  germ-layers  of  VON  BAER  come  into  existence 
subsequently  by  a  repetition  of  the  fission,  whereby  the  middle  germ- 
layer  is  split,  at  least  in  its  lateral  portions  (lateral  plates),  into  the 
dermo-fibrous  layer  and  the  intestino-fibrous  layer  (Hautfaser-  und 
Darmfaserblatt),  between  which  arise  the  thoracic  and  body-cavities. 

EEMAK  in  his  account  approximates  the  true  state  of  affairs,  as 
detailed  in  the  preceding  chapters,  more  nearly  than  VON  BAER  ; 
however,  both  made  the  same  mistake  of  interpreting  the  formation 
of  the  germ-layers  as  always  a  process  of  disassociation  or  fission. 
That  is  also  the  rock  on  which  were  wrecked  the  researches  of  numer- 
ous other  investigators,  who  in  the  decennary  succeeding  REMAK 
dealt  with  the  important  question  of  the  origin  of  the  germ-layers. 
It  was  difficult  to  decide  this  question  for  the  higher  Vertebrates, 
which  have  been  most  frequently  investigated  ;  so  that  very  contra- 
dictory opinions  were  expressed  relative  to  the  development  of  the 
middle  layer — whether  it  was  exclusively  from  the  lower  (REMAK), 
exclusively  from  the  upper,  or  from  both  layers. 

This  question  could  be  clearly  understood  only  upon  the  establish- 
ment of  new  general  standpoints.  These  could  be  acquired  only  by 
the  comparative  method,  and  by  the  study  of  lower  Vertebrates  and 
the  Invertebrates. 

Two  fundamental  processes  needed  to  be  better  comprehended:— 

(1)  How  are  the  two  primary  germ-layers  developed-? 

(2)  How  are  the  two  middle  germ-layers  developed  ? 

By  means  of  the  comparative  developmental  method,  one  question 
has  been  brought  nearer  to  a  solution  in  tlie  gastrcea-theory,  the  other 
in  the  codom-theory. 

In  the  study  of  the  first  problem,  which  was  the  earlier  solved, 
HUXLEY  and  KOWALEVSKY,  HAECKEL  and  RAY  LANKESTER,  have 
shown  especial  merit.  They  demonstrated,  partly  through  anato- 
mical, partly  through  embryological  studies,  that,  with  the  exception 
of  the  Protozoa,  the  body  of  every  invertebrated  animal  is  constructed 
of  layers,  which  may  be  compared  with  the  primary  germ-layers  of 
Vertebrates. 

The  highly  gifted  English  zoologist  HUXLEY  distinguished  as  early 
as  the  year  1849  two  membranes  in  the  Medusae,  an  outer  and  an 
inner  layer,  out  of  which  alone  their  bodies  are  constructed ;  and  at 
the  same  time  expressed  the  happy  idea  that  physiologically  they 
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•   equivalent     10   tin-   si-roiis    ami     tin*    mucous    I.-m-rs    of     BAKU. 
after    this  (1853)  A  U.MAN    introduced   for  the  layers  of  the 

To  IfntiM.-Hc-  tin-  names,  which   are  now  so  much  em{>l<  /<•/•///. 

and  eiitniliTin  ;  subsequently  use  \\as  al-o  made  of  tlu-so  for  designat- 
ing the  embryonic  l.-i\er>. 

lie  germ-layer  theory  was  promoted  to  a  .-till  greater  degree  by 

the  Russian  /oologist  KOWALEVSKY,  who  made  us  acquainted  in 
numerous  excellent  detailed  investigations  with  a  profusion  of 
important  facts  concerning  tne  embryology  of  Worm*.  CcelenteiM 
Molluscs,  Brachiopods,  Tunica tes,  and  Arthropods.  He  produced 
evidence  that  in  all  the  Invertebrates  which  he  investigated  two 
LMMin-1  ivers  are  formed  at  the  beginning  of  development,  and  that 
in  almost  all  cases,  when  the  process  of  cleavage  is  at  an  end,  a 
cellular  sac  arises,  and  that  this,  by  the  infolding  of  a  part  of  the 
wall,  becomes  converted  into  a  double  cup,  the  cavity  of  which, 
enclosed  by  two  germ-layers,  communicates  with  the  outside  by 
means  of  an  opening.  He  succeeded  in  establishing  the  existence 
of  this  very  important  cup-shaped  larva  (gastrula)  in  many  branches 
of  the  animal  kingdom. 

In  this  connection  should  be  mentioned  the  services  of  several 
other  embryologists,  who  at  a  still  earlier  period  had  observed  in 
isolated  cases  the  cf//>-.v/m/W  l«rr<i  <i//<?  //.v  i>rt;/ui  !»/  means  of 
•I' untion.  Rusmxi  and  E.EMAK  had  de-cribed  the  cup-shaped 
larva  of  Amphibia,  GEGENBAUR  that  of  the  Sagittae  or  arrow-worms, 
M  \\  SCHULTZE  that  of  Petromyzon. 

Whereas  KOWALEVSKY  by  his  series  of  investigations  enriched  our 
knowledge  of  material  facts,  HAECKEL  first  sought  to  utilise  the 
same  for  a  general  theory,  since  by  the  process  of  morphological 
comparison  he  brought  into  association  hitherto  disconnected  obser- 
vations. Starting  from  the  development  and  the  anatomy  of  the 
Sponges,  he  compared  the  layer-like  structure  of  the  embryos  of  all 
animals  with  the  layer-like  structure  of  the  Ccelenterates,  and  pro- 
duced as  the  fruit  of  this  study  the  celebrated  gastrcea-theori/,  which, 
attacked  on  many  sides  at  the  time  of  its  publication,  has  now 
found  in  its  essential  substance  general  acceptance,  and  ha>  gi\en 
the  impetus  to  numerous  investigation*.  II AK<  KKI,  showed  that  in 
the  development  of  the  various  classes  of  animals  from  the  Sponges  up 
•1  .in  a  single  form  of  the  germ  makes  its  appearance,  the  gastrula, 
which  consists  of  two  cell-layers,  and  that  the  two  cell-layers  of 
tic  various  embryonic  forms  are  comparable  to  one  anotner  or 
homologous.  The  gastrula  in  its  simplest  condition  presents,  as 
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he  endeavored  to  establish,  the  form  of  a  double  cup  with  a 
ccelenteric  cavity  and  a  primitive  mouth,  but  may  be  greatly 
altered,  as  in  the  most  of  the  Vertebrates,  by  the  deposition  of 
yolk-material  in  the  egg,  so  that  the  original  fundamental  form  is 
scarcely  recognisable.  Consequently  he  distinguished,  according  to 
the  kind  of  modification,  different  forms  of  the  gastrula,  as  bell- 
shaped,  cap-shaped,  disc-shaped,  and  vesicular  gastrulce.  He  made 
the  various  forms  arise  by  a  process  of  invagination  from  a  still 
simpler  fundamental  form,  the  blastida,  which  is  the  final  result  of 
the  cleavage  process.* 

HAECKEL  published  his  excellent  gastrsea-theory  in  two  articles  in 
iheJenaischeZeitschri/t:  (1)  "  Die  Gastroeatheorie,  die  phylogenetische 
Classification  des  Thierreichs,  und  die  Homologie  der  Keimblatter," 
(2)  "  Nachtrage  zur  Gastrseatheorie." 

At  the  same  time  with  HAECKEL,  RAY  LANKESTER  in  England  was 
led  to  a  similar  theory,  which  he  had  worked  out  in  a  paper  full  of 
new  ideas  :  "  On  the  Primitive  Cell-layers  of  the  Embryo  as  the  Basis 
of  Genealogical  Classification  of  Animals." 

Both  HAECKEL  and  LANKESTER  failed  to  point  out  how  the  forma- 
tion of  the  gastrula  takes  place  in  some  of  the  divisions  of  Verte- 
brates— in  Fishes,  Reptiles,  Birds,  and  Mammals.  Essential  service 
in  the  establishment  and  explanation  of  numerous  questions  of  detail, 
which  remained  unsettled  in  the  gastrsea-theory,  has  been  rendered 
by  BALFOUR,  VAN  BENEDEN,  GERLACH,  GOETTE,  HOFFMANN,  KOLLER, 
RAUBER,  RticKERT,  SELENKA,  DUVAL,  and  others. 

Thus  through  HAECKEL'S  gastraea-theory  the  following  points  were 
gradually  cleared  up  :  (1)  The  two  primary  germ-layers,  which  form 
the  foundation  for  the  development  of  both  Invertebrates  and 

*  It  sLould  be  here  stated  that  even  OKEN  and  C.  ERNST  v.  BAER  had 
set  forth,  although  in  a  very  indefinite  manner,  the  importance  of  the  vesicular 
form  for  the  development  of  the  animal  body.  OKEN  was  an  opponent  of  the 
germ-layer  theory  of  WOLFF.  In  a  criticism  of  PANDER'S  investigations  he 
exclaimed  with  emphasis  and  a  certain  justice:  " The  facts  cannot  be  so.  The 
body  arises  out  of  vesicles  and  never  out  of  layers,"  and  he  added  the  very 
pertinent  remark :  "  It  appears  to  me  as  if  it  had  been  entirely  forgotten  that 
the  yolk  and  the  yolk-membrane,  which  is  a  vesicle,  belong  essentially  to  tlie 
body  of  the  germ ;  that  the  embryo  does  not  swim  upon  it  like  a  fish  in  the 
water,  nor  lie  upon  it  like  a  funnel  on  a  cask." 

In  a  similar  manner  BAER  remarks,  but  without  further  expounding  the 
relation  to  the  germ-layers  :  "  Since  the  germ  is  the  undeveloped  animal  itself, 
one  can  affirm,  not  without  reason,  that  the  simple  vesicular  form  is  the 
common  fundamental  form,  out  of  which  all  animals  are  developed,  not  only 
ideally,  but  historically." 
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Vertebrate^.  ari-e,  not   through   di>as-M;-iatii>n  or  ti-Moii.  but  t!i  rough 

infolding  of  an  originally   simple   cell  lay.  r.*     (2)  These  are  com- 

paiable  with  one  another  or  homolo-  TOM  th<-y  are  developed 

:dintij   to  the  same   process,  and   because  the  two  fundamental 

us   of   the    body,    the    layer    wiiidi     limits    {}*<•  nally 

.  ct«  dfMii)   and   the    layer   which    lines   the   ili.ijrst  ive   cavity   (the 

1,  run,  ari-e  from  them.      (3)  Th-    intestinal  canal  of  all  animals 

UJaee  by  invairinaiioii. 

In  the  (jue>tion  a>  to  the  development  of  the  middle  germ-layer 
11  AI:I  KI:I,  remained  at  the  traditional  standpoint,  and  inclined  most 
K.  VON  BAER'S  view  that  the  parietal  lamella  an»e  by  fi»ion 
from  the  outer  primary  layer,  and  the  visceral  lamella  from  the 
inner  p-rm  layer.  Most  embryologists,  who  worked  on  the  develop- 
ment of  Vertebrates,  entertained,  on  the  contrary,  HI:MAK'<  new, 
and  made  the  whole  middle  germ-layer  arise  from  the  inner 
by  tission. 

They  regarded  the  body-cavity  as  a  fissure  in  the  middle  germ- 
layer.  and  compared  it  with  other  lymphatic  spaces,  such  as  occur  in 
the  connective  tissue  at  various  places  in  the  body. 

The  correction  of  this  view  was  undertaken  by  various  per- 
in  the  same  manner  as  in  the  case  of  the  primary  germ-layers.  By 
detailed  study  of  the  formation  of  the  germ-layers  in  the  Chick 
and  Mammals,  KOLLIKER  found  that  the  middle  germ-layer  did  not 
simply  split  itself  off  from  the  inner,  but  that  it  arose  from  a  limited 
iviricn  of  the  blastoderm,  namely,  from  the  primitive  groove,  where 
the  two  primary  germ  -lay  ers  are  continuous.  Jle  maintained  that 
from  this  region  it  grew  out  between  the  two  primary  germ-layers 
as  a  solid  cell-mass,  and  that  subsequently  the  body  cavity  appeared 
in  it  by  means  of  its  fission  into  two  layers.  This  was  an  essential 
advance  in  the  representation  of  the  actual  state  of  affairs. 

But  a  deeper  insight  into  these  embryonic  pi  n  Vertebrates 

was  ;  i  red  in  t  his  case  also  through  the  study  of  Invertebrates, 

•ially  through  the  important  discover  h  i-<  BHIKOFT  and 

K'I\V.M.KVSK\  concerning  the  formation  of  the  body-i  a\  it  \  in  K<  -hino- 
derms,  Balanoglossus,  Chretognathi,  Brachiopods.  and  Amphioxuv 
The  former  found  that  in  the  larvae  of  Kcbinoderm>  and  in  Toruaiia, 
the  larva  of  Balanoglossus,  the  walls  of  the  body-cavity  are  formed 
from  evaginations  of  the  intestinal  canal.  J'.ut  a  still  greater  sensation 

*  It  is  still  affirmed  by  several  authors  for  certain  Invertebrates  that  the 
inner  germ-layer  develops,  not  by  infolding,  but  :ing  off  ordelaminn- 

tion  from  the  outer  germ-layer. 
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was  created  when  KOWALEVSKY  in  1871  published  his  "  Embryology  of 
Sagitta,"  and  showed  how  the  coelenteron  of  the  gastrula  was  divided 
by  two  folds  into  three  cavities, — into  the  secondary  intestinal  cavity 
and  into  the  body-cavities :  this  discovery  was  afterwards  fully  con- 
firmed by  the  investigations  of  BUTSCIILI  and  the  author.  After  a 
short  interval,  KOWALEVSKY'S  account  of  the  development  of  Sagitta 
was  followed  by  his  work  on  Brachiopods,  in  which  he  again  enriched 
science  with  the  new  and  important  fact,  that  in  this  class  also  the 
body-cavity  was  formed  in  the  same  way  as  in  the  case  of  the 
Chaetognaths.  This  was  followed  by  his  fundamental  work  on 
Amphioxus. 

Through  the  important  discoveries  made  on  Invertebrates,  HUXLEY, 
LANKESTER,  BALFOUR,  my  brother  and  I  were  stimulated  t<; 
theoretical  speculations  concerning  the  origin  of  the  body-cavity 
and  the  middle  germ -layer  in  the  animal  kingdom. 

HUXLEY  distinguished  three  kinds  of  body-cavity  according  to  their 
origin:  (1)  an  enteroccel,  which  aris3S  as  in  Sagitta,  etc.,  from  evagi- 
nations  of  the  coelenteron  ;  (2)  a  schizocctl,  which  is  developed  by 
means  of  fission  in  a  mesodermal  connective  substance  lying  between 
the  integument  and  the  intestine  ;  (3)  an  epicoel,  which  is  formed  by 
an  invagination  of  the  surface  of  the  body  like  the  perithoracic 
space  of  the  Tunicates.  The  last  kind,  HUXLEY  thinks,  may  perhaps 
correspond  to  the  pleuroperitoneal  cavities  of  the  Vertebrates. 

LANKESTER  makes  HUXLEY'S  paper  his  starting-point.  He  gives 
preference  to  the  hypothesis  of  the  common  origin  of  the  body- 
cavity  in  all  animals  until  decisive  proof  of  diverse  origin 
produced ;  and,  in  fact,  he  makes  the  schizoccel  arise  out  of  the 
enterocoel  in  the  following  manner.  Evaginations  of  the  coelenteron 
have  lost  their  lumen,  and  therefore  are  begun  as  solid  cell-masses, 
which  only  subsequently  acquire  a  cavity.  While  LANKESTER  in 
this,  as  well  as  in  a  second  publication,  overlooks  existing  differences 
in  his  effort  to  reduce  everything  to  a  single  scheme,  BALFOUR  in 
various  essays  takes  more  fully  into  account  in  his  speculations  the 
actual  condition  of  affairs ;  he  also  limits  himself  chiefly  to  the 
explanation  of  the  conditions  in  Vertebrates.  In  investigating  the 
development  of  Selachians,  he  made  the  important  discovery  that 
the  middle  germ-layer  arises  from  the  lateral  margins  of  the  primi- 
tive mouth,  and  at  first  consists  of  two  separate  masses  of  cells, 
which  grow  out  forwards  and  laterally  into  the  space  between  the 
two  primary  germ-layers.  Since  in  each  cell-mass  a  separate  cavity 
soon  makes  its  appearance,  he  designates  the  body-cavity  as  from  the 


HISTORY    Of   Tin:   QBBM  LAI  1:1:    i  BIO 

a     paired    >t  i  net  ure.    and    compares    it    t«>    tin-    lx>dy-saC8 
which    are    developed    in     Invert  l.y    BVagil  I'-nn    the 

e.elenteron.      U.u.nu'K    ju>tly   all."_r«'-   that    tln>  oii.'inally    s.-'M  con- 
dition of  the  two  fundaments  can  have  no  W6lghi  a-^ain-t   In-  i: 

pretation,  since  in  numerous  instances  organs  \vliich  <•  i^lit    properly 
utain    cavities   arc    developed    s  >lid.    and    subsequently    become 
hollow,  as,  for  example,  in  many  Echinoderms  one  encounters  solid 
cell  masses  in  place  of  hollow  ova -/mat  ions  of  the  en 

Led  1'V  theoretical  con-id»Tat ion>  similar   to   tlm-e  of   tlie    ' 
inorph«ilo^i>ts,  my  brother  and   ],  l»y  a  t hoi oiiL'li   CMmparison  of  de- 
velopmental  and  anati  inical  conditions,  and    with   due  n-^-ird  to  the 
niorpliolo^ical    and    histolo^it-ai    structure    of    oi-«ranisii:s.    then     en- 
deavored to  l)i  ini:  to  a  solution  this  <|iie>tion  of  1  he  day.  —the  (juesti«»n 
<  f  the  development  of  the  body-cavity  and  the  middle  ^'Tin-layers, — 
l.v    systematic    invest  iirations    (pnlilished   in    "Studien    xtir    IJl;itt«T- 
tlieorie"),    which    <'\tended    over    Invertebrates    and    Yertel>: 
The  results  of   the--   series   of   in\e-t  iirations   \vei-e   puh]i<he  1    in 
articles:  (1)  in  t  ho  "  Coelomtheorie,   Versuch    «-iner    Krklarun<»  des 
mittleren  Keimhlattes."  and  ('2)  in  the  "  Entwickluiii:  des  mitt ! 
Keimblattes  der  \Virl»eHhi< 

In  tin-  fir>t  pa pei-.  in  order  to  prepare  the  way,  we  wen-  oon 
i,rive  the  fi'i-iti  ;/"imni-lnyer  a  more  precise  definition.     We  •! 
as    such    a   layer  of  tinliri/onic    reify    /'•/,/'>-//    are    arra/^/''<f    like    an 
cfnthi-lium    <ntd  serve  JOT  tJn'  fi/xifufion  of  the  surface*  of  the  h 
At  the  close  of  segmentation  there   is   only  one  ifmn-fn */»•!'  ;><•• 
namely,  the  rjiif/it-lii'm   <>f  ///"  AA/X////I/.     The  remaininff  f/erm-layers 
from  it  by  the  jyrocesscs  of  iiirni/imifimi  <m<l  <-r<«i'i ,<> iti»n.     The 
'/>  nn -layer  is  formed  by  means  of  gastrulation,  the  two  middk 
•i>'rin-i<iiii'r>t  /'//  ///'•  fi.nmitti.H  of  tfie  body-cavities,  in  ttxit  tiro  body-sacs 
are  evaginated  from  the  ccelfi>f>n>t>.  «,«!  </row  out  l< '  <1  separate 

tin'  tin>  jiriiiun'1/  <i>'rin-Jn >/>'i'8.  There  are,  in  the  first  place,  animals 
which  are  formed  of  two  germ-layers,  and  possess  in  tin  ir  l-«»die>  only 
one  cavity,  a  coelenteron,  produced  l»y  i n\ a iri nation  (( 'o-lentei  ata 
and  Ps.Midoc.rlia).  and.  sei-ondly.  animals  with  four  i:erm-la\ -er>.  a 
secondary  intestine,  and  a  body-cavity  derived  fn  m  the  c.elenteron — 
an  enter ocoel.  To  the  t\\<>  layered  animals  belong  tin-  (  u-lenterates 
and  the  PseudocuAs.  but  all  four  layered  animals  are  Enterocci'ls. 

From  this  standpoint  we  end.  prove  that  hitherto  there 

had  been  confused  under  the  conception  "middle  irerm-layer"  two 
things  which  are  genetically,  morphologically,  and  historically 
entirely  different. 
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Besides  the  cell-layers  which  arose  by  invaginatioD  there  had  been 
assigned  to  the  middle  germ-layer  cells  which  detach  themselves 
individually  from  the  primary  germ-layers,  and  give  rise  between 
the  epithelial  layers  of  the  body  to  the  sustentative  substances,  and 
also  to  the  blood,  when  such  exists.  Embryonic  cells  of  that  kind, 
which  are  formed  by  emigration  into  the  space  surrounded  by 
the  germ-layers,  we  named  the  mesenchymatic  germ,  and  the  tissue 
produced  from  them  mesenchyme.  This  occurs  as  well  in  two- 
layered  as  in  four-layered  animals.  In  our  opinion  a  sharp  distinction 
must  be  made  between  the  formation  of  germ-layers,  which  is 
correlated  with  the  morphological  differentiation  of  the  body,  and 
the  formation  of  mesenchyme, — which  will  especially  engage  our 
attention  in  one  of  the  next  chapters, — if  clearness  and  a  uniform 
principle  are  to  be  introduced  into  the  whole  germ-layer  theory. 

In  the  second  article  it  was  our  aim  to  show  that  in  the  Vertebrates 
a  middle  germ-layer  is  developed  by  infolding.  For  that  purpose 
the  development  of  Amphibia,  Fishes,  Reptiles,  Birds,  and  Mammals 
was  compared  with  the  development  of  Amphioxus,  and  thus  was 
acquired  the  foundation  upon  which  is  based  the  account  of  the 
development  of  the  middle  germ-layer  given  in  the  preceding  chapter. 

After  the  publication  of  these  two  papers,  there  appeared  numerous 
articles  by  VAN  BENEDEN,  DUVAL,  HEAPE,  HOFFMANN,  KOLLIKER, 
KOLLMANN,  RABL,  RIJCKERT,  STRAHL,  WALDEYER,  and  others,  through 
which  valuable  facts  concerning  the  development  of  the  middle  germ- 
layer  in  the  different  classes  of  Vertebrates  have  been  made  known. 
In  some  of  these  the  chief  points  of  view  of  the  coelom- theory  were  in 
general  recognised  as  correct,  attempts  were  made  to  modify  details, 
but  especially  was  the  question  of  the  formation  of  the  mesenchyme 
of  the  Vertebrates  actively  discussed. 


The  mecfianical  principle  oj  tJie  process  oj  development,  by  means  of 
which  the  germ-layers  are  formed,  and  out  of  these  the  separate  organs, 
is  appreciated  in  its  full  significance  by  only  a  few,  and  in  text-books 
particularly  has  not  been  adequately  presented. 

Among  the  founders  of  the  germ-layer  theory,  PANDER  best  com- 
prehended this  principle.  "  The  blastoderm,"  he  says  in  one  place, 
"  forms,  exclusively  through  the  simple  process  of  folding,  the  body 
and  the  viscera  of  the  animal.  A  delicate  thread  attaches  itself  as 
the  spinal  cord  to  it,  and  scarcely  has  this  taken  place,  when  the 
blastoderm  sends  the  first  folds,  which  themselves  necessarily  designate 
the  position  of  the  spinal  cord,  as  an  envelope  over  the  exquisite  fila- 
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int  nt.  thus  forming  tlio  first  foundation  of  the  body.     Hereupon  it 
produces  new  folds,  whk-h,  in  contradistinction  to  the  first,  '/. 
to  the  abdominal  and  thoracic  cavities,  together  with  their  coir 
And    for    the    third    time   it    -end-  out    t'oltls   to  envelop   in   «ui  table 
membranes  the  fa>tus,  which  is  formed  out  of  it  and  by  means  of  it. 
Therefore   it   need   not   surprise   any  one  if,  in  tin-  course  of  our 
narration,   SO    much    is    said    about    folds    and  envelop-  A  \d   in 

order  to  avoid  in i> understandings  he  adds  in  another  place  the 
important  statement  that  "wherever  anything  is  said  about  the 
folds  of  the  skin,  one  is  not  to  imagine  a  lifeless  membrane,  whose 
mechanically  produced  folds  would  neivssarily  spread  t  hemselves over 
the  whole  surface,  without  allowing  themselves  to  be  limited  to  a 
definite  space.  The  folds  which  cause  the  metamorphosis  of  the  skin 
rather  themselves  of  organic  origin,  and  are  produced  at  the 
appropriate  place,  either  through  increase  in  the  size  of  the  spher 
already  present  there,  or  through  an  accession  of  new  spherules, 
without  the  remaining  part  of  the  blastoderm  being  thereby  altered." 

PANDER'S   successors  have   expressed  themselves   concerning   the 
mechanism  of  foldings  much  less  clearly  ;  the  most  of  them,  indeed, 
not  at  all.      The  whole  doctrine  was  in  fact  condemned  by  RUDOLPH 
\\  AiiNKi;  as  positively  erroneous.     "  It  will  occur  to  no  one,"  he 
in  his   "Lehrbuch   der   Physiologie,"  "  to  imagine   the  three  p 
layers  to  be  like  the  leaves  of  a  book.      No  one  will  entertain  the 
mechanical  conception  that  the  embryo  arose  by  a  folding  process  of 
these  three  layers." 

After  PANDER.  LOTZE  was  the  next  to  be  occupied  with  the- 
••  Mechanik  der  Gestaltl-ildung,''  as  has  been  pointed  out  by  EAUBER 
in  a  meritorious  history  of  this  topic.  He  designates  "  unequal 
growth  "  or  "  unequal  vegetation  ''  as  the  cause  of  the  changes  of 
place,  which  in  part  only  appear  in  be  >iiimni:s  <  nit-pocket  in  ITS. 
in  valuations,  or  extensions,  but  in  part  are  actually  such,  being 
brought  about  in  this  way  by  mechanical  traction  and  pressure. 

hi  very  recent  times  His  has  prosecuted  the  study  of  embryology 
from  the  mechanico-physiological  standpoint  more  intensely  than  all 
his  predecessors,  and  has  also  particularly  emphasised  the  signifi- 
cance cf  the  process  of  folding  for  the  formation  of  the  body.  The 
two  principal  writings  of  His  in  this  connection  are:  '*  Unter- 
Michungen  iiber  die  erste  Anlage  des  Wirbelthierleibo''  (1868), 
and  "  Unsere  Kb'rperform  und  das  physiolcgische  Problem  ihrer 
Kntstehung"  (1874).  While  I  refer  for  details  to  the  original  pap 
1  remark  that,  notwithstanding  manifold  agreements,  I  cannot 
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in  important  points  assent  to  His's  view.  When,  for  example, 
His  (1874,  p.  50)  seeks  to  reduce  the  mechanics  of  form  to  the 
simple  problem  of  the  form-changes  in  an  unequally  stretched 
elastic  plate,  in  my  opinion  he  overlooks  the  fact  that  a  plate  com- 
posed of  cells,  even  if  it  possess  elastic  properties,  is,  nevertheless  a 
much  more  complicated  structure,  and  that  the  processes  of  folding 
and  evagination  are  primarily  produced  by  the  energy  of  the 
growth  of  special  groups  of  cells,  and  are  therefore  not  to  be  com- 
pared with  the  bendings  and  stretchings  of  elastic  plates.  As 
PANDER  has  already  emphatically  stated,  one  is  not  to  imagine  in 
the  folding  processes  a  lifeless  membrane,  but  rather  the  folds  are 
themselves  of  organic  derivation,  called  forth  at  the  proper  place  by 
a  cell-multiplication  at  that  place.  For  this  reason,  too,  HAECKEL 
in  his  polemic,  "  Ziele  und  Wege  der  heutigen  Entwicklungs- 
geschichte,"  has  attacked  this  method  of  treating  embryology, 
introduced  by  His. 

That  the  morphological  differentiation  of  the  animal  body  primarily 
rests  upon  a  process  of  folding  of  epithelial  lamellae,  my  brother  and 
I  have  endeavored,  by  means  of  an  abundant  series  of  observations, 
to  demonstrate  in  a  still  more  exhaustive  manner  than  our  pre- 
decessors. In  our  "  Studien  zur  Blattertheorie  "  we  have,  in  the  first 
place,  directed  attention  to  the  Ccelenterates  as  the  animal  organisms 
in  which  the  principle  of  the  formation  of  folds  is  most  clearly 
shown  throughout  the  whole  organisation,  even  into  details;  and, 
secondly,  we  have  endeavored  to  establish  for  Vertebrates  that 
organs  like  the  body-cavity,  chorda,  and  primitive  segments,  which 
it  was  claimed  arose  by  a  separating  and  splitting  of  cell-layers, 
likewise  come  into  existence  through  the  typical  process  of  foldings 
and  constriction. 

Finally  we  have  endeavored  to  point  out  a  physiological  cause 
for  the  unequal  growth  of  a  cell-membrane,  and  have  found  such  in 
the  Coelenterates  in  the  unlike  functional  activity  of  its  various 
regions.  Parts  of  a  membrane  will  grow  more  rapidly  and  must 
become  infolded,  when  in  consequence  of  their  position  they  are 
called  upon  to  accomplish  more  than  neighboring  regions. 

In  concluding  this  historical  sketch  attention  should  be  called  to 
the  fact  that  C.  E.  VON  BAER,  in  the  general  discussion  of  embryo- 
logical  processes,  was  the  first  to  distinguish  clearly  between  the 
event*  of  morphological  differentiation,  which  take  place  in  the 
beginning  of  development,  and  those  of  histological  differentiation, 
which  occur  later. 
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VIM. 
1>1. 1  HI.or.MKNT  OF  Till:    /'/,'/. MI Tl  Yll  8BffM2 

Tin:  more  one  pursues  tii<-  development  of  Vi-rtc'hrati's  into 
statLri'>.  tiie  more  numerous  become  tlie  chanires  which  simultaneously 
appear  in  the  difl'erent  regions  of  the  embryonic  hotly.  \\V  cannot 
here  undertake  to  describe  step  by  step  the  processes  which  are 
simultaneously  ;uvoiup'.i>he<I,  for  by  that  method  the  presentation 
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would  become  fragmentary  and  the  comprehension  of  the  separate 
processes  would  be  made  more  difficult ;  but  it  is  necessary,  in  the 
interest  of  a  didactic  method,  to  select  from  all  the  manifold  pheno- 
mena a  single  process  of  the  development,  and  to  follow  it  up  until 
it  has  come  to  a  preliminary  termination. 

After  the  formation  of  the  middle  germ-layer  two  important 
processes  take  place  in  the  embryonic  fundament.  One  process 
leads  to  a  division  of  the  middle  germ-In y« TS  into  the  two  lateral 


Tig.  103 — Amphioxus  embryo  with  five  pairs  of  primitive  segments  in  optical  section,  aftei 
.     HATBCIIEK. 

A  Seen  from  the  side.    B  Seen  from  the  dorautn. 
In  figure  B  are  indicated  the  openings  of  the  cavities  of  the  primitive  segments  into  the 

intestinal  cavity,  which  can  be  seen  by  deeper  focussing.     I",  Anterior,  St  posterior  end ; 

at,   outer,    ile,    inner,   ml,   middle  germ-layer;    <//<,  intestinal  cavity;  n,    neural  tube; 

cw,  neurenterio.  canal ;   uj1,   first  primitive  segment ;   u*A,  cavity  of  primitive  * 

«uf,  ooelenteron. 

plates  and  into  two  series  of  cuboidal  bodies,  which  are  situated  at 
the  right  and  the  left  of  the  chorda,  and  which,  under  an  erroneous 
interpretation,  were  formerly  called  protovertebras,  but  for  which  one 
should  now  substitute  exclusively  the  more  accurate  name  primitive 
segment*  [mesoblostic  somites].  The  other  process,  which  occurs  at 
about  the  same  time,  at  least  in  the  case  of  the  higher  Vertebrates, 
leads  to  the  origin  of  those  cells  from  which  the  sustentative  sub- 
stances and  the  blood  of  Vertebrates  are  derived. 
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In  this  chapter  we  shall  take  into  consideration  the  formation  of 
the  ]>riinstir<'  KgmenU  tir.-t  in  tin-  rg^  of  A  inpliioxus  and  the 
Amphihians.  and  then  in  those  of  Ki>h«-s.  liinK  and  Mammal-. 

In  Amphioxus  the  formation  of  the  primitive  segments  is  more 
nearly  simultaneous  with  the  development  of  the  middle  ^(•rm- 
layer  than  in  the  remaining  Vertebrates.  As  soon  as  the  two 
coelomic  sacs  begin  to  grow  out  from  the  ccelenteron  at  the  front  end 
of  the  embryo,  there  begins  a  division  of  them  into  two  rows  of 
small  sacs  lying  one  behind  the  other  (tig.  103  A,  B,  us),  and  this 
divisii  n  proceeds  from  in  front  backwards.  Here  again  we  have 
to  do  with  a  process  of  folding,  which 
repeats  itself  many  times  in  the  same 
manner. 

The  wall  of  the  groove-like  coelomic 
origination,  composed  of  cylindrical 
cells,  becomes,  at  a  little  distance  from 
its  head-end,  folded  transversely  to  the 
longitudinal  axis  of  the  embryo ;  this 
fold  grows  from  above  and  from  the 
side  downwards  into  the  body-cavity; 
in  the  same  manner  a  second  tran> 
verse  fold  is  soon  formed  on  either 
side  of  the  body  at  a  little  distance 
behind  the  first ;  behind  the  second 
a  third,  a  fourth,  and  so  on,  at  the 
same  rate  as  that  at  which  the  em- 
bryonal body  elongates  and  the  fun- 
dament of  the  middle  germ -layer 

increases   by   the   progress   of   the   evagination  toward  the  blasto- 
pore. 

In  the  embryo  represented  in  fig.  103  five  sacs  may  be  counted  on 
either  side  of  the  body.  The  evagination  is  taking  place  at  the 
region  marked  ink;  it  advances  still  farther  toward  the  blastopore 
and  gives  rise  to  a  considerable  series  of  primitive  segments,  the 
number  of  which  in  a  larva  only  twenty-four  hours  old  has  already 
increased  to  about  seventeen  pairs.  The  primitive  segments  exhibit 
at  first  an  opening,  by  means  of  which  their  cavities  (usJi)  are  in 
communication  with  the  intestinal  cavity.  But  these  openings  soon 
begin  to  be  closed  in  succession,  by  their  margins  growing  toward 
each  other  and  then  coalescing;  this  takes  place  in  the  same  sequence 
as  that  in  which  the  detachment  of  the  parts  takes  place,  from  before 


Fig.  104.— Cross  section  through  the 
middle  of  the  body  of  an  Amphioxus 
embryo  with  11  primitive  segments, 
after  HATSCHI.K. 

ak,  Outer,  it,  inner  germ-layer  ;  mi-1, 
parietal,  ink'1,  visrenil  lamella  of 
the  middle  germ-layer ;  us,  primi- 
tive segment ;  n,  neural  tube  ;  cA, 
chorda  ;  th,  boily -cavity ;  dh,  intes- 
tinal cavity. 
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backwards.  At  the  same  time  the  primitive  segments  (fig.  104} 
gradually  spread  out  both  dorsally  and  ventrally,  while  their  cells 
increase  in  number  and  become  altered  in  form.  They  grow  upward 
more  and  more  at  the  side  of  the  neural  tube,  which  has  meanwhile 
detached  itself  completely  from  its  matrix,  the  outer  germ-layer. 


mf 


Fig.  106—  Two 


igh  a  Triton  embryo. 


•nJP 


A,  Cross  Motion  through  the  region  of  the  trunk  in  which  the  neural  tube  U  not  yet  closed  an 

the  primitive  tegmenU  begin  to  be  constricted  off  from  the  lateral  plate*. 

B,  Cnm  Motion  through  the  region  of  the  trunk  in  which  the  neural  tube  is  closed  and  the 

primitive  MgmenU  have  been  formed. 

«/,  Medullary  folds;  mp,  medullary  plate;  *,  neural  tube;  eft,  chorda;  air,  outer.  ,t.  inner 
germ-layer ;  m*1,  parietal,  M**,  visceral  middle  layer ;  <tt,  intestinal  cavity  ;  Ik,  body-cavity 
tuA,  cavity  of  primitive  segment ;  d*,  yolk-cells. 

T->\\;iril  tin-  ventral  M<h-  they  insert  themselves  between  the  second:) ry 
intestine  and  the  outer  germ-layer 

Finally,  it  might  be  further  mentioned  here  that  at  a  still  later 
stage,  as  is  to  be  seen  on  the  right  side  of  fig.  104,  the  dorsal  portions 
of  the  primitive  segment  are  constricted  off  from  the  ventral.  The 
former  lose  thrir  luraina  and  furnish  th«  rsely  striped 
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«>f  tilt-  body,  hut  from  tin-  cavities  of  the  latter  or iVi 
the  real    unsegmented    body-cavity,  since   the    partitions   which  at 
first   separate    them    become    thinner,    break    through,  and    finally 
disappear. 

Similar  processes  take  place  in  a  <ome\vhat  modified  manner  in  the 
case  of  the  remaining  Vertebrates. 

In  the  Tritons  the  middle  germ -layer  (fig.  105  ^1)  becomes 
thickened  on  both  sides  of  the  chorda  u7/)  and  of  the  fundament  of 
the  central  nervous  system  (n),  which  is  not  yet  cl<>.-ed  into  a  tube, 
and  at  the  same  time  there  appears  a  cavity  (ush)  in  its  thickened 
part,  caused  by  the  separation  of  the  visceral  and  parietal  lamellae. 
The  thickening  is  not  produced  by  an  increase  in  the  number 
of  the  layers  of  cells,  but  simply  by  the  fact  that  the  cells 
increase  in  height  and  grow  out  into  long  cylinders,  which  are 
arranged  around  the  cavity  like  an  epithelium.  We  distinguish 
these  thickened  parts  of  the  middle  germ-layer,  which  lie  on  either 
side  of  the  chorda  and  the  nervous  system,  as  the  primitive-segment 
plates,  from  the  lateral  parts,  or  the  lateral  plates.  In  the  territory 
of  the  latter  the  cells  are  lower,  and  ordinarily  there  is  no  distinctly 
marked  cavity  between  visceral  and  parietal  layer. 

Whereas  in  Amphioxus  the  process  of  forming  somites  extends 
itself  over  the  whole  of  the  middle  germ-layer,  in  the  case  of  the 
Amphibians,  and  likewise  all  the  re- 
maining  Vertebrates,    it    affects   only 
the  part  which  is  next  to  the  chorda 
and  the  neural  tube,  leaving  the  lateral 
plates,    on    the    contrary,    untouched. 
The  segmentation  begins  at  the  head- 
end, and  proceeds    slowly   toward    the 
hlastopore;  it  is  accomplished  by  fold-        al:  .$ 
ing  and  constricting  off.    The  epithelial 
lamella  next  to  the  neural   tube   and      Fig.  106.— Frontal   section  through 
the   chorda,  being  composed  of  cvlin-         *°  df°™u"  of,  an,embryf°  Triton 

with  fully  developed  primitive  seg- 

drical   cells,    is   raised    up    into   small         ments. 

...  folds,  which,  sepa,,,t,a  from      0™" 
each  other  by  intervals  of  uniform  size,         with  tiu-n-  MTttta  o«/<). 
grow  into  the  cavity  of  the  primitive- 
segment  plate,  and  give  rise  to  small  sacs  King  one  behind  the  other 
(fig,  106). 

Soon  afterwards  each  little  sac  is  constricted  off  from  the  lateral 
plates  (fig.  J05  A  and  B).  Consequently  one  now  meets,  both  in 
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transverse  and  frontal  sections  at  the  right  and  left  of  chorda 
and  neural  tube,  cubical  sacs  the  walls  of  which  are  formed  of 
c\  lindrical  cells;  these  sacs  are  everywhere  surrounded  by  a  fissure- 
like  space,  and  they  enclose  a  small  cavity  (the  primitive-segment 
cavity),  which  is  a  derivative  of  the  body-cavity.  From  the  front 
laver  of  the  fold  is  produced  the  posterior  wall  of  the  newly  formed 
segment,  from  its  posterior  layer  the  front  wall  of  the  remnant  of 
the  primitive-segment  plate,  or  of  the  sac  which  is  next  to  be  con- 
stricted off. 

Of  the  Vertebrates  which  are  developed  out  of  meroblastic  eggs,  the 
Selachians  appear  to  exhibit  most  clearly  the  original  mode  of  the 
formation  of  primitive  segments.  A  distinct  body-cavity  is  formed  on 
fit  her  side  of  the  trunk  by  the  separation  of  the  parietal  and  visceral 
lamellae  of  the  middle  germ -layer  (fig.  110).  The  dorsal  portion  of 
the  cavity,  which  flanks  the  neural  tube,  acquires  thickened  walls 
(/»/>),  and  corresponds  to  the  part  previously  designated  as  the 
primitive-segment  plate,  which  at  the  same  time  with  the  appear- 
ance of  the  body-cavity  begins  to  be  divided  into  primitive  segments. 
In  the  anterior  part  of  the  body  a  series  of  transverse  lines  of 
separation  become  visible  (fig.  195  nip1),  the  number  of  which  is 
continually  increased  toward  the  hind  end  of  the  body.  For  a 
long  time  the  cavities  of  the  primitive  segments,  which  are  sepa- 
rated from  one  another  by  these  transverse  furrows,  remain  in 
communication  ventrally  with  the  common  body-cavity  by  means 
of  narrow  openings.  One  may  therefore  describe  this  state  of 
affairs  by  saying  that  the  bcdy-cavity  is  provided  toward  the  bark 
of  the  embryo  with  a  series  of  small  sac-like  e  vagi  nations,  which  lie 
close  together  one  after  the  other.  Afterwards  the  primitive  seg- 
ments are  entirely  constricted  off  from  the  body-cavity,  and  then 
tln-ir  thickened  walls  come  into  close  contact,  and  thus  cause  the 
disappearance  of  the  cavities  of  the  segments  (fig.  Ill  mp). 

\Vln-i-f as  in  the  Selachians  it  is  still  evident  that  the  formation  of 

the  primitive  segments  depends  upon  folding  and  constricting  off,  the 

process  is  obscured  even  to  obliteration  in  the  case  of  Reptiles,  Birds, 

and   Mammals;  this  is  referable  simply  to  the  fact  that  the  two 

lamellae  of  the  middle  germ-layer  remain  for  a  long  time  firmly 

pressed  together,  only  subsequently  beginning  to  separate,  and  that 

they  are  composed  of  several  layers  of  small  cells.     The  process  of 

*olding  and  constricting  off  appears  here  as  a  splitting  up  of  a  solid 

<ite  into  small  culncal  block*. 

\  »art  of  the  middle  germ-layer  that  is  next  to  the  chorda  and 
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nenral   tube  appears  in   a  C  on  of  a  Chick  embryo  (fig.    107) 

:ts  ;i  oompad    •  'I  consisting  of   n,  1   small   cells, 

which,  as  far  as  it  is  not  divide;!  up  into  separat  e  blocks,  is 
as     primi::  Ql      plate 

or  protoveitebral  plate.  In 
ti-:.  107  it  is  .-till  coin- 
at  the  side  by  means  of  a 
thin  isthmus  of  cells  with 
the  lateral  plates,  in  whose 
territory  the  middle  genn- 
layers  are  thinner  and  sepa- 
rated from  each  other  by  a 
fissure, 

In  observing  the  blasto- 
"•<  rm  from  the  surface  the 
region  of  the  primitive-seg- 
ment plates,  as  is  to  he  seen 
in  the  posterior  part  of  a 
nine  days-old  Rabbit  embryo 
108),  appears  darker  than 
the  region  of  the  lateral  plate; 
•0  that  the  two  are  dis- 
tinguished from  each  other; 
one  is  stem-zone  (stz),  the 
other  parietal  zone 

The  development  of  the 
primitive  segments  is  ob- 
servable in  the  ( 'hick  at  the  ^ 
beginning  of  the  second  day 
of  incubation,  in  the  Rabbit 
at  about  the  eighth  day. 
Clear  transverse  .streaks  ap- 
pear in  the  stem-zone  at 
some  distance  from  the  primi- 
tive  streak,  about  in  the 
middle  of  the  embryonic 

fundament,  both  on  the  right  and  the  left  of  the  chorda  and  neural 
tube  (fig.  108).  They  correspond  to  transverse  lis-ures,  by  means 
of  which  the  primitive-segment  plates  are  divided  into  the  small 
and  solid  cubical  primitive  segments  (uw).  In  the  nine-days-old 
Rabbit  embryo  represented  in  fig.  108  these  plates  are  resolved  in 
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front  into  eight  pairs  of  primitive  segments  (uw),  whereas  in  the 
hind  end  of  the  embryonic  area  they  still  have  the  form  of  a  con- 
tinuous mass  of  cells,  the 
stem-zone  (stz),  which  in  sur- 
face-views appears  darker 
than  its  surroundings. 

In  a  somewhat  more  ad- 
vanced stage  the  primitive 
segment,  which  probably  se- 
cretes at  the  same  time  fluid, 
develops  in  its  interior,  as 
in  the  case  of  the  Amphibia 
and  Selachii,  a  cavity,  around 
which  the  cells  group  them- 
selves in  a  radial  manner. 
This  cavity,  too,  is  at  first  in 
communication  laterally  with 
the  fissure  of  the  body-cavity, 
until  the  primitive  segment 
has  been  fully  constricted 
off. 

In  Vertebrates,  besides  the 
trunk-region,  a  part  of  the 
head-region  of  the  embryo  is 
also  affected  by  this  process 
of  segmentation  which  wo 
have  been  considering.  \V« 
must  therefore  speak  in  the 
one  case  of  head-segments, 
and  in  the  other  of  trunk- 
segments.  Up  to  the  present 
time  the  number  and  condi- 
tion of  the  head-segments  have 
been  made  out  (by  BALFOUR, 
MILXES  MARSHALL,  and  VAN 
mot  accurately  for 


Fig.  106. -Rabbit  embryo  of  the  ninth  day,  seen 
from  the  dorsal  aide,  after  KOLLIKEII.    Magnified 

Mum 

The  stem-tone  («te)  and  the  parietal  zone  (pz)  are 

to  be  distinguished.      In  the  former  8  pairs  of 

primitive  segments  have  been  established  at  the 

aide  of  the  chorda  and  neural  tube. 
ap.  Area  pellucida  ;  >•/,  medullary  groove  ;  v 

brain  ;  06,  eye-vesicle  ;  *>h,  mid  brain  ;  hk,  hind 

brsin  ;  me,  primitive  segment ;  itt,  stem-zone  ; 

/»,  parietal  zone;  h,  heart ;  ph,  pericardia. 

of  the  body-cavity  ;  vd,  margin  of  the  entrance  to 

the  head-gut  (tordere  Darmpfotte),  seen  through 

the  overlying  structures ;  af,  anmiotic  fold  ;  t-o, 

vena  oinphalomesenterica. 

the  Selachians.  .  In  this  in- 
stance there  are  nine  pairs  of  hollow  head-segments.  In  the  higher 
Vertebrates  such  segments  although  ti«w«»r  in  number,  have  also 
been  described;  however,  the  less  sharply  differentiated  stiuctuies 
of  the  latter  demand  still  further  investigation. 
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F.iit,   in   anv  event,   ;!  mbryonic 

'•ntation  of  the  body  into  a  large  iiuiiil>er  of  metameres  yield-; 
this  result  of  the  highest  importance  forth"  gem-nil  morphology  of 
the  Vertebrate  body,  that  tl,,>  ln-,1,1  not  fat  '/«>>,  //,<•  t  r  mi  k  represent* 
portion  of  the  bod//  tm</  Imx  in  'no  VIM  bv.'u  produced 
primitiw 


SUM  .MA  UN. 

1.  In    Vertebrates    the    middle    germ-layors    immediately    after 
their  origin  art-  differentiated  into  several  fundaments  by  prc<-> 
of  folding  and  constricting  off. 

'2.  Tin'  process  of  differentiation  in  the  middle  germ-layer  exhibits 
two  modifications. 

(«)  In  Amphioxus  the  middle  germ-layeis  are,  at  the  time  of 
their  first  appearance,  comjiii'k'lii  separated  into  primitive 
segments  lying  one  behind  the  other. 

It  is  only  later  that  each   primitive  segment  is  divided  into  a 
dorsal  portion  (the  real  primitive  segment)  and  a  ventral 
portion. 
The  dorsal  portion,  or  primitive  segment  proper,  furnishes  the 

transversely  striped  musculature  of  the  trunk. 
The  ventral  segments  form  the  body-cavity,   which  is  at  lir.-t 
segmented,  but  afterwards  with  the  disappearance  of  the 
partitions  becomes  a  single  cavity. 

(b)  In    all  other  Vertebrates  the   fundaments   of   the   middle 
germ-lay  ITS  are  divided  first  into  a  dorsal  and  a  ventral 
region  —  into  the  primitive-segment  plates  and  the  lat- 
plates. 

The  lateral  plate  remains  unsegmented.    The  body-cavity,  which 

becomes  visible  in  it  by  separation  of  the  parietal  and 

the  visceral  lamellae  of   the    middle   layer,  is  from  the 

beginning  on  each  side  of  the  body  a  single  sp: 

The   primitive-segment  plate   alone   is   divided   into   successive 

primitive  segmoi 

3.  The  segmentation  of  the  middle  germ-layers  also  extends  over 
the  future  head-region  of  the  embryo.    One  therefore  di.-tingui>he>  — 

(a)  Head-segment*,  the  number  of  which  amounts  to  nine; 

(b)  Trunk-segments,  the  number  of   which   is  constantly  being 

increased  during  the  development  of  the  posterior  trunk- 
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CHAPTER  IX. 

DEVELOPMENT  OF  CONNECTIVE  SUBSTANCE  AND  BLOOD. 
(THE  MESENCHYME-THEORY.) 

WITH  the  question  of  the  origin  of  connective  or  mechanically  sus- 
t«-iitativt;  .substance  and  blood  we  enter  a  very  difficult  field,  the 
cult  ivation  of  which  has  now  been  taken  in  hand  successfully  by  many 
persons.  Here  also  we  shall  acquaint  ourselves  with  a  simple  case 
from  the  development  of  Invertebrates,  before  we  begin  with  the 
conditions  in  Vertebrates,  which  are  more  difficult  to  comprehend. 

In  Coelenterates  and  Echinoderms  there  is  developed  between  the 
germ-layers,  which  are  composed  of  epithelial  cells,  a  sustentative 
ti»ue.  It  consists  of  a  homogeneous  jelly,  in  which  are  scattered  a 


Fig.  109. -Two  stages  of  development  of  Holothuria  tubulosa,  in  optical  section  (after  SEUESKA), 
from  liALFiiru. 

A,  Blastospbere-stage  at  the  end  of  cleavage. 

B,  (j.-utni  la-stage. 

mr,  Micropyle ;  Jl,  chorion ;  «.c,  segmentation-cavity,  in  which  gelatinous  substance  is  early 
secreted  as  a  gelatinous  core ;  M,  blastoderm ;  ep,  outer,  Ay,  inner  germ-layer ;  nu, 
amoeboid  cells  arising  from  the  inner  germ-layer ;  a.e,  coelenteron  (archenteron). 

few  isolated  spheroidal  or  stellate  cells,  which  are  capable  of  changing 
jMMtinn  by  virtue  of  their  amoeboid  motion.  It  is  usually  developed 
\«TV  parly ;  in  the  Echinoderms,  for  example,  as  early  as  the  blastula- 
stage  (fig.  109). 

Into  the  cavity  of  the  blastula  (A)  a  homogeneous  soft  sul  stance,  the 
jplly-core  (*.c),  is  secreted  by  the  epithelial  cells.  Into  this  jelly  there 
migrate  from  the  epithelium,  and  indeed  from  the  particular  region 
which  at  the  time  of  gastrulation  is  infolded  (fig.  109  B)  as  the 
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inner  germ-layer  (////),  numerous  cells  (///.v),   which    li>:i.-e   their  epi- 
thelial character,  and  send   out    proe6886t   in    tin-    manner    <>i    lymph- 

•orpusdes.      They  soon   distribute   i hem-eU,',   M   migratory    . 
e\er\  where  in  the  jelly. 

In  the  gastrula  sta-e  and  subsequent  ly.  tlie  cell-containing  jelly 
between  tin-  outer  and  the  inner  germ  la  veis  ivproents  a  third  sheet. 

which  is  distinguished  from  the  latte.-  histologically.  and.  according 

to  the  definition  previously  L,ri ven.  cannot  lie  designated  as  a  middle 
laver  ;  tor  l.y  that  detinition  we  understand  the  term  to  be 
limited  to  a  sheet  of  embryonic  cells,  having  an  epithelial  arrange- 
ment Mini  hounding  a  surface.  The  jelly-like  sheet  is  a  product  of 
?/«'  iii-riH-hu/i'/'v,  which  mny  be  (list  inguished  from  them  by  the  name 
."•/if/ nie  or  intermediate  /ni/n-  (Zwischonblatt). 

Once  termed,  the  meseiichyme  continues  to  grow  as  an  independent 
ti>sue.  in  that  the  cells  which  at  first  migrated  into  the  jelly  at  a. 
definite  stage  of  development,  to  which  one  may  give  the  name 
y//r*r //»•// /////''-'/try//,  continue  to  increase  uninterruptedly  by  means  of 
cell  -division.  In  its  growth  it  pe:n-tiate*  into  all  the  interstices 
which  ari-e  when  the  ^erm-layers,  as  happens  in  many  Coelenterates, 
produce  the  most  complicated  structures  by  the  formation  of  folds  and 
rvMjLrinations;  it  furnishes  everywhere  a  support  for  the  epithelial 
layers  wliich  repose  upon  it.  At  the  same  time  some  of  the  mesen- 
chvme-eells  can  alter  their  original  histological  character  as  simple 
trophic  or  nutritive  cells  of  the  intermediate  substance.  Thus  here 
and  there  they  differentiate  contractile  substance  at  their  surface, 
and  beci  me,  as  is  to  be  seen  in  Ctenophores  and  Kehinodenus,  smooth 
muscle-crlls,  the  ends  terminating  either  in  one  fine  point,  or 
dividing  themselves  into  several  processes,  as  is  more  frequently  the 
case  with  Invertebrates. 

In  Vertebrates  also,  after  the  two  primary  germ-layers  have  arisen, 
a,  process  similar  to  that  which  we  have  just  considered  appears  to 
lead  to  the  formation  of  connective  tissue  and  blood,  two  tissues 
which  correspond  morphologically  and  physiologically  to  the  mesen- 
chyme  of  Invertebrates. 

In  the  first  two  editions  of  the  "  Leln  huch  ''  I  set  forth  that  the 
whole  im-si-n chyme-question  in  the  Vertebrate-;  was  >till  in  a  nascent 
condition,  that  the  account  therefore  presented  nothing  final,  but 
bore  in  many  respects  the  character  of  the  provisional.  Since  that 
time  an  essential  advance  has  been  made  in  this  field.  Thanks  to 
the  investigations  of  HATSCHEK  and  RABL,  of  RUCKERT,  ZIEGLER,  and 
V.\N  WI.IHE,  we  have  acquired  more  accurate  explanations  concerning 
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the  origin  of  the  connective  substances ;  the  question  of  the  origin 
of  the  vascular  endothelium  and  of  the  blood,  on  the  contrary,  is 
one  that  is  less  cleared  up.  This  determines  me  to  treat  the  two 
questions  separately  in  the  following  account. 


A.    The  Origin  of  the  Connective  Tissues. 

Selachian  embryos  appear  to  be  the  most  suitable  objects  on 
which  to  trace  the  origin  of  the  connective  substances.  Here  the 
middle  germ-layer  serves  as  the  matrix  for  the  mesenchymatic  tissue. 
At  the  time  when  the  primitive  segment  is  still  connected  below  with 
the  lateral  plates,  and  when  the  body-cavity  is  visible  in  the  latter, 
there  appears  a  cell-growth  at  the  lower  border  of  each  primitive 
segment  on  the  side  which  is  directed  toward  the  chorda.  It  is  ordi- 
narily designated  as  sclerotome.  It  contains  at  first  a  small  evagi- 
nation  of  the  body-cavity  (fig.  258  A  sJc).  At  the  restricted  place 
designated,  which  is  marked  off  from  its  surroundings,  and  which 
recurs  on  each  primitive  segment,  cells  in  large  numbers  (fig.  110 
sk)  individually  detach  themselves  from  the  epithelial  layer,  remove 
by  active  migration  from  their  place  of  origin,  like  the  mesen- 
chymatic cells  of  Invertebrates,  and  distribute  themselves  in  the 
space  which  is  limited  on  the  one  side  by  the  inner  wall  (mp) 
of  the  primitive  segment,  and  on  the  other  by  the  chorda  (ch) 
and  the  neural  tube  (nr). 

At  the  time  of  their  appearance  the  amaboid  cells  are  separated 
by  only  a  small  amount  of  inter-cellular  substance:  they  increase 
rapidly  in  number,  and  thereby  soon  crowd  chorda,  neural  tube,  and 
primitive  segment  farther  apart  (fig.  111).  The  segmental  arrange- 
ment which  the  growths  exhibit  at  their  first  appearance  (fig.  195 
very  early  ceases  to  exist,  since  by  their  extension  they  become  fused 
together  into  a  continuous  sheet. 

The  mesenehyme,  which  thus  grows  forth  out  of  the  middle  germ- 
layer  on  both  sides  of  the  chorda,  furnishes  the  foundation  for  the 
whole  axial  skeleton-,  it  produces  the  skeletogenous  tissue  by  the 
growing  toward  each  other  and  the  fusion  of  the  masses  which  are 
formed  on  the  right  and  left  sides.  As  fig.  Ill  shows,  the  mesen- 
ehyme (sk)  grows  around  the  chorda  (ch)  both  dorsally  and  ventrally, 
and  envelops  it  with  a  connective-tissue  sheath,  which  is  continually 
becoming  thicker.  In  the  same  manner  it  encloses  the  neural  tube 
(nr)  and  forms  the  membrana  reunions  superior  of  the  older  embryo- 
logiste,  the  foundation  out  of  which  subsequently  the  connective- 
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tissue  envelopes  of  the  neural  tube  and  the  vertebral  arches  with 
their  ligaments  uro  ditl'ercnt i 

Conditions  similar  to  those  of  Selachians  are  also  to  be  observed, 


Fig.  110.  Fig.  111. 

Figs.  110  and  111.— Diagrams  of  cross  sections  through  younger  and  older  Selachian  embryos 
to  illustrate  the  development  of  the  principal  products  of  the  middle  germ-layer.  After  VAN 

\VI.HIK,  with  some  changes. 

Fig.  HO.-Cross  section  through  the  region  of  the  pronephros  of  an  embryo,  in  which  the 
myotomes  (n<p)  are  in  process  of  being  constricted  off. 

Fig.  111.-  Cross  section  through  a  somewhat  older  embryo,  in  which  the  myotomes  have  just 
been  detached. 

nr,  Neuial  tube;  ch,  chorda:  ao,  aorta;  gch,  subnotochordal  rod;  mp,  muscle  plate  of  the 
primitive  segment ;  ?r  zone  of  growth,  at  which  the  muscle-plate  bends  over  into  the  cutis- 
plate  (cp)  ;  vb,  portion  connecting  the  primitive  segment  with  the  [walls  of  the]  body-cavity, 
nut  of  which  arc  developed,  amoni;  other  things,  the  inesonephric  tubules  uk  (fig.  Ill)  ; 
8k,  skeletogenous  tissue,  which  arises  as  an  outgrowth  from  the  median  wall  of  the  con- 
nect ing  ix.rtion  (cU):  m,  pronephros;  ink1,  parietal,  mk',  visceral  middle  layer,  from  the 
walls  of  which  me.-eiiehyme  is  developed  ;  Ih,  body-cavity  ;  ik,  entoderm ;  h,  cavity  of  the 
primitive  segment;  uk,  mesonephric  tubule,  arisen  from  the  connecting  portion  vb  of  the 
diagram  110 ;  ukl,  place  where  the  mesonephric  tubule  has  de»ach<-l  it  vlf  from  the  primitive 
n1  ;  c.'/,  niex'iiephiic  duct,  \\ith  which  the  iiu'-tnu-phric  tubule  has  united  on  the  left 
bide:  tr,  union  of  the  mes  mephi  a-  tubule  with  the  body-cavity  (nephridial  funnel)  ;  mes1, 
met',  roesenchyme.  which  has  arisen  from  the  parietal  and  visceral  lamellae  of  the  middle 
la\  IT  : 

although  less  distinctly,  in  Reptiles,  Birds,  and  Mammals;  they 
have  been  described  by  REMAK,  KHI.I.IKKR,  and  others,  and  have  been 
brought  into  connection  with  the  formation  of  the  vertebral  column. 
The  primitive  segments,  which  arc  at  first  solid,  soon  acquire  a 
small  cavity  (fig.  116),  around  which  the  cells  are  arranged  into  a 
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continuous  epithelium.  Then  a  part  of  the  wall  of  the  primitive 
segment  lying  at  its  lower  and  median  angle  begins  to  grow  with 
extraordinary  rapidity,  and  to  furnish  a  mass  of  embryonic  connective 
tissue,  which  spreads  itself  around  the  chorda  and  neural  tube  in  the 
manner  previously  described.  The  dorsal  and  lateral  parts  of  the 
primitive  segment  (fig.  116  ms),  which  subsequently  loses  its  cavity, 
are  not  involved  in  this  growth ;  out  of  them  arise  principally  the 
fundaments  of  the  trunk-musculature.  This  part  is  consequently 
now  distinguished  as  muscle-plate  (ms). 

Mesenchyme  arises  from  three  other  places  of  the  middle  germ- 
layer  besides  the  primitive  segments — from  the  visceral  lamella,  from 
the  parietal  lamella,  and  finally  from  that  wall  of  the  primitive 
segment  which  is  turned  toward  the  epidermis  and  has  been  given 
by  RABL  the  name  cutis-plate.  Here  also  the  conditions  are  best 
followed  in  Selachii. 

Individual  cells  migrate  out  from  the  visceral  lamella  (Darm- 
faserblatt),  which  in  early  stages  is  composed  partly  of  cubical, 
partly  of  cylindrical  cells  (fig.  110  ra&2),  and  distribute  thems* 
upon  the  surface  of  the  entodermic  layer ;  they  are  found  at  places 
where  no  trace  of  a  vessel  is  observable.  They  furnish  the 
mesenchyma  of  the  intestinal  wall,  which  is  ever  becoming  more 
abundant,  and  which  is  subsequently  converted  partly  into  connective 
tissue,  partly  into  the  smooth  muscle-cells  of  the  tunica  musculai  i> 
(fig.  Ulmes1). 

A  similar  process  is  repeated  in  the  parietal  lamella  (Haut- 
faserblatt).  Emigrating  cells  produce  between  the  epithelium  of 
the  body  <1  that  of  the  epidermis  an  intermediate  layer  of 

mesencliyim  -<•<•!]>  (ti;:.  110  //</•',  lig.  Ill  me*1). 

An  important  region  for  the  production  of  connective  tissue  is, 
finally,  the  cu  .  i.e.,  the  epithelial  layer  of  the  original  primi- 

tive segment    which  is  in  contact  with  the  epidermis  (fig.  110  cp). 
The  procass  occurs  here  later  than  at  the  other  places  mentioned, 
and  begins  with  an  active  cell-growth,  which  gradually  leads  to  a 
complete  disintegration  of  the  epithelial  lamella.     "  The  disintegra- 
tion," as  RABL  remarks,  "  proceeds  in  such  a  manner  that  the  cells, 
which  hitherto  exhibited   an   epithelial  character,  separate  them- 
s  from  one  another,  and  thereby  lose  their  epithelial  character." 
probably  from  this  part  of  the  mesenchyme  that  the  corium  is 
•  Irrived. 

That  the  mesencln  me-cells  scattered  between  the  epithelial  lam- 
ellw  are  capable  of  executing  extensive  migrations,  after  the  fashion 
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of    migratory    <ell>.    is    perhaps    IM-SI    shown   in    tin-   investigation   of 
ii-ai:  mlu-yes  of   Jinny    Kishe>.      "One  sees  di>tii:ctly."   llm> 

\\'r\Ki;i:.M  M    describee    it.     "how    tlic   cells    by    means    of    aimeboid 
ni«)rions.    ai.d   of   somet  i  ra<>rdinarily   long   protopla>inie    ].r«>- 

5,  move  themselves  about   independently  in   the  body  of  the  em- 
bryo and   upon  1  In-  yolk,    which    is    not   yet    cloth-.!    with    liypnhlast, 
and  creej)  toward   deiinite   places,   as   it'    they   actel    voluntarily    ami 
iously.''      By   virtue  «.f  this  peculiarity,  the  mesenchyme-cells 
vdy  penetrate  into  all  larger  and  smaller  figure-  which   • 
een  the  germ-layers  and  the  fundaments  of  organs  which  have 
arisen  from  them.     Everywhere  they  form  a  filling  and  connecting 
mass   between  these  structures,    which  afterwards  acquires  a   still 
greater  importance  as  the  bearer  of  blood-  and  lymph-courses  as  well 
a.v  nerves. 

In  comparison  with  the  earlier  editions  of  the  "  Lehrbueh,''  I  have  here 
Driven  an  essentially  different  presentation  of  the  development  of  the  ii!e.-en- 
Formerly,  supported  by  the  investigations  of  His.  WAI. I>I;YKI;.  KOLL- 
MANN,  and  others  on  meroblastic  eggs,  I  thought  it  necessary  to  refer  the 
rliit-f  source  of  the  mesenchyme  to  a  limited  territory  of  the  germ,  to  the  an-a 
opaca,  and  made  the  cell-material  arise  by  delaminution  from  the  entodermic 
lay,  r,  especially  from  the  yolk-wall.  But  now  I  assume  a  manifold  origin  from 
various  regions  of  the  middle  germ-layer.  Thus  1  come  back  again  to  an  in- 

tation  whi'-h  1  had  already  propoundedas  probable  in  ki  Die  Coelomtheorie  " 

Hand  "Die  Kntwiokiflun-r  d«-s  mittleren  Keimblattes  "  (p.  122),— to  the 
inti-rpn-tation,  n;uncly,  that  nicscnchyine-.<:enns  in  Vertebrates  are  perhaps 
formed  by  an  emigration  of  cells  at  several  distinct  places  at  the  same  time. 
Whether  this  or  that  be  the  real  mode,  the  essence  of  the  mesenchyma-theory 
is  not  thereby  affected,  for  :.tial  part  of  that  theory  con>ists  in  this, 

;  establishes  in  the  earliest  development  of  ti.-sue  a  c -..ntrast  between 
the  epithelial  LTcrni-layers  and  a  packing  li>sue,  produced  by  a  dissolution  of 
the  epithelial  continuity,  which  spreads  itself  out  between  the  germ-la; 

•<m  appears  a-  an  independent  structure. 

Indeed,  \\ith  this  theory  u  a  i>a>K  it  would  not  be  surprising  \ltJu-jtro- 
duct  ion  of  netenekjfOtatie  fi.^ni'  xhonld  not  l>c  limited  simply  to  the  middle  fjerm- 
l<:i/>'r,  and  if  tin-  entodcrm  ////  tlic  contribution  of  cell-material  sltould particijtate 
in  its  formation. 

B.    The  Origin  of  the  Vascular  Endothelia  and  the  Blood. 

The  question  of  the  origin  of  the  tissues  represented  in  the  ahove 
heading  i>  one  of  the  most  obscure  in  the  realm  of  comparative 
embryology.  The  very  invr.-tigators  who  have  endeavored  ni"-t 
rei  ently  and  with  the  mo-t  reliable  methods  to  elucidate  this  matter 
do  not  hesitate  to  emphasise  the  uncertainty  in  the  interpretation 
of  the  conditions  presented  to  them.  Even  the  lowest  Vertebrate, 
which  is  distinguished  by  the  greater  simplicity  of  its  structure,  and 
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by  the  greater  ease  with  which  all  its  processes  of  development  are 
understood,  has  failed  us  in  this  question.  For  HATSCHEK,  who 
knows  the  development  of  Amphioxus  better  than  any  one  else,  de- 
utes  the  blood-vessels  as  the  only  system  of  organs  concerning 
which  he  was  unable  to  arrive  at  a  clear  understanding. 

Consequently  in  the  field  now  to  be  examined  there  are  many 
views  and  observations  which  in  part  stand  in  the  most  direct 
antagonism  to  each  other.  To  give  a  comprehensive  review  of  them 
is  not  possible  without  the  greatest  fulness,  which  would  be  contrary 
to  the  plan  of  this  Text-book;  I  therefore  limit  myself,  first,  to 
giving  a  survey  of  the  various  possibilities  by  which  the  origin  of 
the  vessels  and  the  blood  might  take  place,  and,  secondly,  to  present- 
ing a  series  of  observations  which  have  been  made  on  Selachians, 
Birds,  ami  Mammals ;  still  it  is  always  to  be  kept  in  mind  that 
much  remains  doubtful  here,  and  that  coming  years  may  bring  about 
many  a  change  in  our  interpretations. 

According  to  one  view,  the  vascular  cavities  are  developed  out  of 
fissure-like  spaces  between  the  germ-layers  which  remain  unoccupied  at 
the  time  the  fundament  of  the  mesenchyme  is  produced.    These  cavities 
acquire  a  boundary  in  this  way:  the  neighboring  mesenchyme-cells 
begin  to  penetrate  into  them,  and  then  unite  into  a  vascular  endo- 
thelium.    "  The  system  of  blood-vessels  and  that  of  lymphatic 
observes  ZIEGLER,  "  are  produced   in    their   first   fundaments   from 
remnants  of  the  primary  body-en vity  (the  space  between  the  prin 
germ-layers),  which  at   tli<  distribution  of   the  formative 

tissue  (mesenchyma)  remain  behind  as  vessels,  lacuna?,  or  in 
ami  are  enclosed  by  that  tUsue  and  incorporated  in  it."     The  formed 
elements  [corpuscles]  arise  at  separate  places  in  the  blood-con 
by  the  growth  and  detachment  of  mesenchymatic  cc-ll>. 

According  to  another  view,  the  vessels  are  constructed  in  this 

manner:  n-lU  in  the  mesenchymatic  tissue  airsn^'  them>elve>  in 

.  and  these  cell-cords  become  hollowed  out;  thereby  the  more 

>uj>erfieia]  cells  furnish  the  endothelial  wall,  whereas  the  remaining 

liecome  blood-corpuscles.    The  blood-vessels  are  therefore  nothing 

else  than   cavities  which    have   been   secondarily  produced  in   the 

mesenchymatic  tissues  by  means  of  thi  ir  own  cells.      Both  vie\\> 

agree  in  this,  that  they  cause  the  group  of  sustentative  substai 

to  be  brought  into  genetic  connection  with  the  blood,  and  the  latter 

product  of  the  metamorphosis  of  the  mesenchyma. 

Moreover,    both   views   may  present    variations    in    the    details, 
according  as  they  ascribe  to  the  me&enchyme  a  different  origin  ai  <1 
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make  it  arise  either  out  of  the  middle  germ-layer  alone,  or  out  of 
tin-  rntoblast  alone,  or  by  the  migration  of  cells  out  of  both  layers 
and  their  union  into  a  siniflr  fundaim-nt.  Still  other  variations 
n-sult  from  the  first  fnndameot  »>t'  the  blood-course  being  some- 
times referred  to  a  limited  territory  of  the  germ,  sometimes  to  several 
places.  Thus,  for  the  meroblastic  eggs  of  Birds,  the  area  opac.t  i- 
designated  by  some  observers  as  the  place  where  vessels  and  blood 
are  first  formed.  From  here  they  grow  out  as  it  were  at  first  into  the 
embryonic  body  proper.  The  opposite  is  reported  of  Bony  Fishes,  in 
which  the  first  vessels,  heart,  aorta,  caudal  veins,  and  sub-intestinal 
veins,  together  with  blood -corpuscles,  arise  earliest  in  the  embryonic 
body  itself,  whereas  they  appear  on  the  yolk  only  subsequently. 
Finally,  for  the  Selachians  a  local  origin  of  the  vessels  is  maintained 
both  for  the  area  opaca  and  also  for  the  embryonic  body  in  the 
restricted  sense. 

In  opposition  to  the  two  views  hitherto  presented,  a  third  view 
assumes  a  separate  origin  for  the  connective  substances  on  the  one 
hand,  and  for  the  vascular  endothelium  and  the  blood  on  the  other. 
Whereas  the  former  are  produced  by  the  emigration  of  cells  from  the 
middle  germ-layer,  the  vascular  endothelium  is  maintained  to  arise 
from  cells  of  the  entoblast.  It  is  held  that  an  endothelial  sac  is 
formed  (perhaps  by  constriction)  as  an  independent  fundament, 
which  by  budding  gives  rise  to  the  whole  vascular  system. 

After  this  brief  survey  of  the  various  possibilities  concerning  the 
origin  of  the  blood-course,  I  turn  to  a  description  of  certain  con- 
ditions, concerning  the  signification  of  which  it  must  be  admitted 
that  the  views  are  also  often  very  divergent. 

The  area  opaca,  of  the  meroblastic  eggs  of  Fishes,  Reptiles,  and 
Birds  has  always  played  an  important  role  in  the  literature  on  the 
question  of  the  origin  of  the  blood.  Notwithstanding  the  frequency 
with  which  it  has  been  investigated,  the  researches  concerning  it 
cannot  be  regarded  as  concluded.  It  is  from  this  standpoint  that  I 
beg  the  reader  to  judge  what  follows. 

In  the  case  of  the  Chick,  on  which  especially  we  shall  base  our 
account,  the  opaque  area  is  composed  of  only  the  two  primary  germ- 
layers  at  the  time  when  the  middle  germ-layer  begins  to  be  formed 
from  the  region  of  the  blastopore  by  the  production  of  folds. 

The  outer  germ-layer,  as  has  already  been  described  in  Chapter  V., 
has  in  general  a  simple  structure,  since  it  is  composed  of  a  single 
layer  of  small  cubical  cells.  The  inner  germ-layer  (fig.  56  ik  and 
fig.  112),  on  the  contrary,  alters  its  condition  the  more  we  approach 
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the  margin  of  the  disc.  In  the  area  pellucida  and  in  the  immediately 
surrounding  parts  it  appears  as  a  single  layer  of  greatly  flattened 
cells,  and  is  separated  from  the  yolk-floor  by  a  cavity  filled  with  an 
albuminous  fluid ;  in  the  opaque  area  it  reposes  directly  upon  the 
yolk ;  its  cells  here  become  higher,  cubical,  or  polygonal,  and  finally 
it  terminates  with  a  greatly  thickened  marginal  zone,  the  previously 
mentioned  yolk- wall  (dw).  This  is  the  important  region  of  the  germ 
with  which  we  now  have  especially  to  deal. 

The   yolk-wall   consists   in   the  Chick  partly  of  embryonic  cells, 
which   are  separable    from    one   another,   partly   of  yolk-material 

in  which  are  enclosed 
numerous  large  and 
small  nuclei  enveloped 
in  protoplasm  (the  me- 
rocytes),  as  at  the  final 
stages  of  the  process  of 
cleavage. 

Such  free  nuclei  have 
also  been  demonstrated 
with  perfect  certainty 
in  the  marginal  terri- 
tory of  the  yolk  during 

the  course  of  the  formation  of  the  germ-layers  in  Selachians, 
Teleosts,  and  Reptiles  (KUPFFER,  HOFFMANN,  RUCKERT,  STRAHL, 
SWAEN). 

The  most  accurate  description  of  the  yolk-nuclei  has  been  given  by 
RUCKERT  for  the  eggs  of  Selachians  (fig.  113).  They  are  present  in 
this  case  at  the  marginal  portion  of  the  germ-disc,  embedded  in  the 
yolk  in  not  inconsiderable  numbers,  and  are  remarkable  for  their 
size,  sometimes  reaching  a  diameter  ten-fold  as  great  as  that  of  an 
ordinary  nucleus  (klt  k*).  From  the  protoplasm  enveloping  the 
nucleus  k*  there  proceeds  a  richly  branched  network  of  proce- 
In  the  interstices  of  the  net  are  lodged  yolk-elements  (d)  in  great 
numbers,  from  the  size  of  the  ordinary  yolk-plates  down  to  the  finest 
granules.  The  former  are  often  in  process  of  disintegration.  One 
may  conclude  from  this,  as  well  as  from  other  phenomena,  that  a 
vigorous  consumption  of  deutoplasm  is  taking  place  at  the  margin  of 
the  germ.  This  deutoplasm  is  taken  up  as  nutritive  material  by  the 
protoplasmic  net  surrounding  the  nucleus,  and  employed  by  mean 
intra-cellular  digestion  for  its  growth.  Consequently  one  also  sees  the 
yolk-nuclei  in  active  increase. 


Fig.  112.— Section  through  the  margin  of  the  germinal 
disc  of  a  Hen's  egg  incubated  for  six  hours,  after  DDVAL. 

ak,  Outer  germ-layer ;  dz,  yolk-cells ;  dk,  yolk-nuclei ; 
die,  yolk-wall. 
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Toward  the  surface  of  the  yolk  small  «1  _.  1 13  k) 

•  out  of  the  large  deeper  lyii.ir  yolk  nuclei.      Fn>m  these  there 

are  finally  produced  genuine  cell  . ).  by  t  ho  small  nuclei 

surrounded    by    a    layer  of   protoplasm    detaching   themselves  from 

.oik,  as  it  \\eir  by  an  act  of  .supplementary  cleavage.      "  Since  t/ie 

•y»-.v  thus  on 

"•  li<t,»l  UU- 
interri'j't'-'l/y  take 
iijt  nitiri 

t'-riil  cut  of  the 
ijulk.  innl  on  the 
anally 
in  the 

of  cells  to  the 
n  i >f  (//>> 

nascent       embryo,  Vr;". 

,  . 

they    present     an 

important         link  ^ 

between  the   latter 

and     the      yolk." 

(RUCKERT.) 

The  views  of 
in  ve-ii  gators  on 
the  significance 

of  the  yolk-wall  and  of  the  merocytes  enclosed  in  it  are  very  divergent. 
Indeed  there  is  unanimity  only  in  this,  that  the  yolk-wall  contributes 
to  the  increase  of  the  lower  germ-layer  by  single  cells  becoming 

ndent  and  attaching  themselves  at  the  margin  to  the  elements 
which   already   have   an   epithelial    arrangement.      On    the    ol 
hand  it  appears  less  certain  how  far  the  yolk-wall  is  concerned  in 
the  formation  of  the  blood.     According  to  the  observations  of  His, 

DlSSE,    1\AI   I5KH,     KOLLMANN,    RUCKERT,    SWAEN,   GfiNSCH,    Hoi  IMA  NN. 

and  others,   it  does  share  in  this  process  during  a  limited  }  • 

of  development  in  the  case  of   Selachian.-.  Teleo>ts.   Reptiles,  and 

Birds, 

In  the  Selachians  the  anterior  margin  of  the  germ-disc  is  the  first 
to  be  metamorphosed   into   a  vascular  zone.     li  ould  find 

here  numerous  and  unequivocal  indications  that  the  previously 
described  peculiar  cell-elements  of  the  yolk  (n  provided 

with  large  inn-lei  contribute  to  the  formation  of  blood-islands,  in 
that  they  break  up  into  clusters  of  small  cells,  detach  themselves 


Fig.  113.  Yolk-nuclei  (merocytes)  from  Pristiuriu,  lying  underneath 
the  germ-cavity  B,  after  RCCKF.RT. 

:,  Kin>>iyonic  cells;  k,  superficial  clear  nuclei;  i1,  deeper  nuclei; 
£*,  m:u£in.il  niul.-i  rich  in  chnmuitin,  largely  freed  frum  the 
surrouiidui-  \.-lk.  in  order  to  show  the  processes  of  the  proto- 
plasmic mantle ;  d,  yolk-plates. 


180  EMBRYOLOGY. 

from  the  yolk-containing  part  of  the  lower  germ-layer,  and  become 
differentiated  on  the  one  hand  into  the  migratory  cells  of  the  first 
blood-vessels,  and  on  the  other  into  the  blood-corpuscles.  RUCKERT 
further  maintains  that  the  material  destined  for  the  production  of 
blood  is  supplemented  by  means  of  cells  freshly  cleft  off  from  the 
yolk. 

SWAEN  remarks  with  the  same  positiveness,  "Les  premiers  ilots 
sanguins  se  developpent  aux  depens  des  elements  de  Phypoblaste.  Ces 
derniers  constituent  a  la  fin  de  ce  developpement  les  parois  de  cavites 
vasculaires  closes  et  les  cellules  sanguines  qui  les  remplissent." 
Likewise  GENSCH  makes  the  large  cells  in  the  yolk  responsible  for 
the  formation  of  the  blood  in  the  case  of  the  Bony  Fishes.  HOFF- 
MANN also  finds  in  Reptiles  that  the  blood  and  the  endothelial 
wall  of  the  vessels,  as  well  as  the  spindle-shaped  cells  which  lie 
between  the  vessels,  are  a  product  of  the  inner  germ-layer,  and 
that  they  appear  at  definite  places  of  the  germ-disc  at  a  time 
when  the  middle  germ-layer  has  not  yet  been  formed  in  those 
regions. 

Finally,  it  is  stated  concerning  the  germ  of  the  Chick  that  at  the 
end  of  the  first  day  of  incubation  the  cells  in  the  yolk-wall  have 
become  very  numerous,  through  the  multiplication  of  the  nuclei 
enclosed  in  the  latter,  and  that  afterwards  the  abundance  of  the 
cells  diminishes.  For  part  of  the  cells  which  have  been  formed 
by  the  active  proliferation  now  detach  themselves  from  the  yolk- 
wall,  get  into  the  space  between  the  outer  and  inner  germ-layers, 
and  there  produce  a  third  independent  layer,  which  is  continually 
increasing  in  thickness,  whereas  the  remaining  part  becomes  modi- 
fied into  an  epithelium  of  large  cylindrical  cells  containing  yolk- 
granules.  This  middle  layer  is  judged  by  several  investigators  to 
be  an  independent  fundament  of  the  germ,  and  has  in  this  sense 
been  described  by  His  as  parablast,  by  DISSE  and  others  as  vascular 
layer,  by  RAUBER  as  desmohcemoblast,  and  by  KOLLMANN  as  marginal 
germ  or  acroblast. 

All  of  these  accounts  need  still  more  precise  confirmation,  since 
they  have  often  been  called  in  question,  even  up  to  most  recent 
times.  Thus  KOLLIKER  has  always  defended  the  position  that 
not  only  the  connective  substances,  but  also  the  vessels  and  the 
blood,  are  products  of  the  middle  germ-layer,  and  are  generated  by  it 
in  its  peripheral  regions.  KASTSCHENKO,  in  his  study  of  the  Selachii, 
could  not  convince  himself  that  the  merocytes  have  special  import- 
ance in  the  formation  of  blood  and  vessels,  but  was  not,  however, 
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to   deny   it.      So    much    tin-    •  lively   do    \\KNKEBACH 

ami  Zn:<;LER,  on  the  stren<;tli  .1'  ihn'r  in\»->t  i^at  ions  on  Teleosts, 
«-\piv>s  t  In -ms« -Ivrs  against  the  mode  of  blood-formation  given  by 
GENSCH.  According  to  ZIBGLIB,  the  blood-oorpoflolei  are  developed 
in  the  l>lood-ves>els  of  the  embryonic  bodv  it>«-lf.  The  free  nuclei 
of  the  yolk,  the  merocytes,  on  the  contrary,  it  is  maintained,  do  not 
share  in  the  formation  of  embryonic  i.ut,  in  adaptation  i<» 

the  function  of  resorbing  the  yolk,  undergo  peculiar  modifican 
which  "  cause  the  frequently  affirmed  but  never  proved  production 
of  Mood  corpuscles  [by  them]  to  appear  improbable." 

Under  this  condition  of  affairs,  I  must  regard  the  question  of  the 
source  of  the  cell-layer  in  which,  in  the  region  of  the  opaque  area, 
the  formation  of  blood  takes  place  as  not  yet  ready  for  final 
judgment. 

So  far  as  regards  the  further  changes,  by  means  of  which  the 
cell-layer  under  consideration  is  converted  into  connective  substance 
and  blood,  on  the  whole  I  subscribe,  in  this  ditlicult  field  of  in- 
vestigation, to  KOLLIKER'S  representation. 

At  the  end  of  the  first  day  of  incubation,  the  masses  of  cells  which 
lie  between  the  inner  and  the  outer  germ-layers  arrange  them>- 
in  cylindrical  or  irregularly  limited  cords,  which  join  themselves  to- 
ri nto  a  close-meshed  network;  they  are  the  first  fundaments 
both  of  the  vessels  and  also  of  then-  contents,  the  blood.      In  the 
spaco  of  the  net  are  to  be  found  groups  of  indifferent   cells,  wl.ich 
afterwards  become  embryonic  connective  tissue,  and  which  are  the 
iisehi  (fig.  114)  of  autli' 

At  the  beginning  of  the  second  day  of  incubation,  the  solid  funda- 
ments of  the  vessels  become  more  distinct,  in  proportion  as  they 
become  bounded  superficially  by  a  special  wall,  and  acquire 
an  internal  cavity.  The  wall  of  the  vessels  is  developed  out  of 
the  most  superficial  cells  of  the  cords,  and  is  composed  during  the 
first  days  of  incubation  of  a  single  layer  of  very  much  flattened 
polygonal  elements,  on  account  of  which  the  lirst  vessels  of  the 
eml.rvo  are  often  designated  as  endothelial  tubes  (fig.  114 
fig.  115  gw). 

The  cavity  of  the  vessel  is  probably  formed  by  the  penetration  of 
lluid  into  the  originally  solid  cord  from  its  Mirrouudings,  thus  forming 
the  plasma  of  the  blood,  by  which  the  cells  are  pressed  apart  and  to 
the  sides.  The  cells  then  constitute  here  and  there  thickeniii^ 
the  wall,  and  project  into  the  fluid-tilled  cavities  as  elevations  of 
loosely  united  spherical  elements  (liir.  Ill,  Blood-islands).  Conse- 
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Blood-island 


Wall  of  blood- 
vessel 


quently  the  vessels  which  are  just  becoming  permeable   are  very 
irregular,    since    narrow   places   and    wider   ones,    often   provided 

with  e  vagina  - 
tions,  alternate 
(fig.  114)  with 
one  another, 
and  since 
the  vessels 
are  sometimes 
wholly  excava- 
ted, fluid-filled, 
endothelial 
tubes,  and 
sometimes  re- 
main more  or 
less  impassable, 
owing  to  the 
variously 
formed  cell  ag- 
gregates which 
project  from 
the  wall. 

The  aggrega- 
tions of  cells 
themselves  are 
si  m  ply  the 
centres  where 
the  formed  com- 
ponents of  the 
blood  are  pro- 
duced. The 
small  spherical 
nucleated  cells, 
which  still  en- 
close dark  yolk- 
granules,  be- 
come at  first 
homoge  n  e  o  u  s 


Blood-island 


Blood-vessel 


Wall  of  blood- 
vessel 


Substanzinseln 
Blood-vessel 


Fig.  114.— A  portion  of  the  vascular  area  of  the  germ  disc  of  an  embryo 
Chick,  in  which  12  primitive  segments  are  developed,  after  DISSE. 

One  sees  the  more  darkly  shaded  blood-courses,  in  which  lie  the 
"blood-islands,"  the  centres  whence  the  blood-corpuscles  arise- 
The  clear  spaces  in  the  vascular  network,  the  walls  of  which  are 
formed  of  flat  endothelial  cells,  are  the  "substance-islands" 
(Substanzinselu). 


by  the  dissolution  of  the  latter,  and  then,  owing  to  the  formation 
of  the  coloring  matter  of  the  blood  in  them,  they  take  on  a  slightly 
yellowish  color,  which  gradually  becomes  more  intense. 


OPMENT    OF    COXNB  KSTANCE   AND    BLOOD. 


If  one  at  this  time  examines  a  Ma-»oderm  which  has  been  removed 
from  the  yolk.  the  /one  in  which  tin-  formation  of  blood  tak- >  placo 
appear-  tl  eked  with  more  or  less  intensely  coW»-d  l>lood  red  .-.pots, 
some  of  which  arc  roundish,  others  elongated,  and  others  1. ranched. 
The  spots  are  known  as  the  blood-points  or  blood-islands  of  the  M 
derm   (ii«;.   114).     From  these  formative  areas  the  superficial  cells 
now  detach  themselves  and  enter  the  blood  fluid  as  the  i><>lated  red 
blood  corpuscles.      Here,  as  well  a~>  in  the  blood-islands,  they  multiply 
1'V  means  of  cell-division,  during  which  the  nucleus  is  metamorpi 
into  the  well-known  spindle-figure. 

AJ  REMAK  first  showed,  <!;,-'/^ions  of  blood-cells  are  to  he  obs<  i 
in  tlie  Chick  in  great  numbers  up  to  the  sixth  day  of  incubation, 
whereas  they  later  become  more  rare,   and  then  wholly  disappear. 
Also  in  the  case  of  Mammals  and  of  Man  (FoL)  the  first  embryonic 
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Fig.  115.  —Cross  section  through  a  portion  of  the  vascular  area,  after  DISSE. 

at,  Outer,  ik,  inner  germ-layer  ;  mk\  parietal,  mk*,  vi.-H-t-r.il  lamella  ff  the  middle  germ-layer; 
lh,  extra-erabryouic  body-cavity ;  gw,  wall  of  blood-vessel  formed  of  endotheliutn  ;  bl,  blood- 
cells  ;  g,  vessels. 

blood-corpuscles,  which  are  at  this  time  provided  a*  in  the  other  Verte- 
brates with  a  genuine  cell-nucleus,  possess  the  power  of  division. 

In  proportion  as  blood-corpuscles  .still  further  detach  themselves 
from  the  blood-points,  the  latter  become  smaller  and  smaller,  and 
finally  disappear  altogether ;  but  the  vessels  without  exception  • 
contain,  instead  of  a    clear   fluid,    red   blood  with  abundant  formed 
elements  (fig.  115  bl). 

Subsequently  there  occur  changes  in  iheSubstanzinseln  which  lead 
to  the  formation  of  embryonic  connective  substance.  The  germinal 
cells,  at  first  .spheroidal,  separate  farther  from  one  another,  at  the 
same  time  secreting  a  homogeneous  inter-cellular  substance;  thev 
become  stellate  (fig.  116  sp),  and  send  out  processes  by  means  of 
which  they  are  united  into  a  network,  which  stretches  all  through 
the  gelatinous  secretion;  other  cells  apply  them-elv.s  to  the  endo- 
thelial  tubes  of  the  vessels. 
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After  the  formation  of  vessels  and  blood  is  completed,  the  territory 
of  the  area  opaca,  in  which  the  processes  just  described  take  place, 
is  sharply  delimited  at  its  periphery  (fig.  117)  in  all  meroblastic  eggs, 
as  well  as  in  those  of  Mammals.  For  the  close  network  of  blood 


vessels  ends  abruptly  at  its  periphery  in  a  broad,  circular,  marginal 
vein  (the  vena  or  sinus  terminalis,  S.T.). 

Beyond  the  sinus  terminalis,  there  is  formed  on  the  yolk  neither 
blood  nor  blood-vessels.  Nevertheless,  the  two  primary  germ-layers 
spread  themselves  out  laterally  over  the  yolk  still  farther,  the 
outer  layer  more  rapidly  than  the  inner,  until  they  have  grown 
entirely  around  it. 


MA  Kl.ol'MKM     «'F  ;'    BLOOD. 

\Vc  must  thrivfor.'   now  di>tingui>h  in  tin-  opa^it''  aiv:i  (  Plate  I., 
iiiT.  L\  page  213)  two  rin-  like  areas,   t/.,>  r,,.<cular  art'"  -?  the 

yolk-area  (dh),  ar<  «fl  and  ar>-a  Since,  moreover, 


sx, 


Fig  117.— Diagram  of  the  vascular  system  of  the  yolk-sac  at  the  end  of  the  third  day  of 
incubation,  after  BALKOUR. 

The  whole  blastoderm  has  been  removed  from  the  egg  and  is  represented  as  seen  from  below. 
Therefore  what  is  really  on  the  left  appears  on  the  right,  and  vice  vtrsd.  The  part  of  the 
area  opaca  in  which  the  fine  vascular  network  has  been  formed  is  sharply  limited  at  the 
periphery  by  the  sinus  terminalis,  and  represent*  the  vascular  area;  outeide  of  it  lu-s  th,- 
yolk-area.  The  immediate  vicinity  of  the  embryo  is  destitute  of  a  vascular  network,  and  is 
designated  now,  as  at  an  earlier  stage,  by  the  name  area  pellucida. 

;/  Heart;  A  A,  aortic  arches;  Ao,  dorsal  aorta,  L.Of.A,  left,  R.Of.A,  right  vitelline  artery; 
S.T,  sinus  terminalis  ;  L.Of,  left,  R.Of,  right  vitellin?  vein  ;  X.  J',  sinus  venosus  ;  D.C,  ductus 
t'uvieri  ;  s.c,t.}',  superior,  V.Ca,  inferior  cardinal  vein.  The  veins  are  drawn  in  outline, 
the  arteries  in  solid  Mark. 


tho  area  pelhu  ida  i>  >till  recognisable,  being  traversed  by  only  a  few 
chief  trunks  of  blood-vessels  leading  to  tbe  embryo,  tbe  body  of  the 
embryo  is  enclosed  altogether  by  three  zones  or  ;in.i-of  the  extra - 
embryonic  part  of  the  germ-layers. 

Up  to  the  present  \ve  have  pursued  the  formation  of  blood  in  the 
opaque  area.     But  how  do  the  vessels  in  the  body  of  the  embryo 
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itself  arise  ?  Here,  too,  the  uncertainty  of  our  present  knowledge  is 
to  be  emphasised. 

According  to  the  representation  of  His,  to  which  KOLLIKER  also 
adheres,  and  which  the  author  himself  has  made  the  foundation  of 
his  account  in  the  first  edition  of  this  Text -book,  blood-vessels  in  the 
embryo  are  not  independently  formed,  but  take  their  origin  from 
those  already  existing  in  the  opaque  area.  According  to  His,  the 
germ  of  the  blood  and  connective  substances,  originally  a  peripheral 
fundament,  makes  its  way  from  the  opaque  area  at  first  into  the 
pellucid  area,  and  from  there  into  the  body  of  the  embryo  itself, 
and  is  distributed  everywhere  in  the  spaces  between  the  epithelial 
germ-layers  and  the  products  that  have  arisen  by  constriction  from 
them.  Into  the  spaces  migrate  first  of  all  amoeboid  cells,  which 
send  out  in  front  of  them  branched  processes  ;  on  the  heels  of  these 
follow  endothelial  vascular  shoots. 

At  variance  with  the  teachings  of  His  are  noteworthy  investiga- 
tions of  recent  date, — not  only  the  previously  mentioned  accounts  of 
the  manifold  origin  of  the  connective  substances  from  the  middle 
germ-layers,  but  also  particularly  the  more  recent  observations  con- 
cerning the  independent  origin  of  vessels  and  the  endothelial  sac  of 
the  heart  in  the  body  of  the  embryo  itself.  (RtJCKERT,  ZIEGLER, 
MAYER,  RABL,  KASTSCHENKO,  and  others.) 

For  Selachian  embryos  the  question,  whether  the  repository  of 
the  material  for  the  blood-vessels  of  the  embryo  is  to  be  sought 
exclusively  on  the  nutritive  yolk,  is,  as  RUCKERT  remarks,  to  be 
answered  definitely  in  the  negative.  The  vessels  arise  in  the  embryo 
itself  within  the  territory  of  the  mesenchyme,  from  cells  which 
are  sometimes  loosely,  sometimes  compactly  arranged  (RtCKERT, 
MAYER). 

RUCKERT  derives  the  cells  that  form  the  vessels  from  two  different 
sources,  partly  from  the  inner  germ-layer  of  the  yolk-wall,  partly 
from  the  adjoining  mesoblast,  and  their  double  origin  appears  to 
him  a  natural  process  of  development,  in  so  far  as  the  two  layers 
which  bound  the  first  vessels  also  furnish  the  material  for  their  walls. 

To  the  same  purport  are  the  accounts  concerning  the  formation 
of  the  endothelial  sac  of  the  heart.  At  first  it  consists  of  a  rather 
irregular  mass  of  cells,  in  which  there  appear  separate  cavities,  that 
gradually  unite  to  form  a  single  cardiac  space.  The  cell-material 
of  the  fundament  of  the  heart  is  developed  in  situ  (RtCKERT,  ZIEGLER, 
MAYER,  RABL,  and  of  the  earlier  investigators  GOTTE,  BALFOUR, 
HOFFMANN)  from  the  wall  of  the  bounding  germ-layers;  however, 
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uncertainty  prevails  as  to  win -tlr-r  tho  inner  germ-layer  alone, 
or  the  middle,  or  both,  are  concerned  in  tho  production  of  the 
fundament. 

When  once  the  first  vo-rls  have  been  forme.!,  they  grow  further 
intlepei.dently.  and  cont inually  give  ri.-e  to  new  lateral  brandies  l»y 
means  of  a  kind  of  budding  proc< 

It  can  be  observed  that  from  the  walls  of  vessels  that  are  aln 
hollow,  solid,  slender  sprouts  go  out,  which  are  formed  of  spindle- 
shaped  cells,  and  by  means  of  cro»-l>ranrhe>  join  others  to  forma 
network.  The  youngest  and  most  delicate  of  these  sprouts  con-i-t 
of  only  a  few  cells  arranged  in  a  row,  or  indeed  of  only  a  single  one, 
which,  reposing  upon  the  endothelial  tube  like  a  knob,  is  drawn 
out  into  a  long  protoplasmic  filament.  Into  the  solid  sprout  there 
now  projects  from  the  already  completed  vessel  a  small  evagination, 
which  gradually  elongates  and  at  the  same  time  enlarges  into  a 
tube,  the  wall  of  which  is  formed  of  the  separated  cells  of  the  funda- 
ment. The  formation  of  blood-corpuscles  no  longer  takes  place-  in  this 
process,  all  the  cells  of  the  sprout  being  employed  to  form  the  wall  of 
the  vessel.  Since  out  of  the  vessels  thus  produced  new  sprouts 
are  formed,  and  so  on,  the  fundaments  of  the  vessels  spread  them- 
selves out  everywhere  in  the  spaces  between  the  germ-layers  and 
the  organs  which  have  by  constrictions  been  formed  from  them. 

There  are,  moreover,  two  different  opinions  about  the  manner  in  which  the 
sprouting  takes  place.  Are  the  solid  vascular  shoots  formed  exclusively  i.y 
growth  of  cells  in  the  wall  of  the  endothelial  tube,  or  do  neighboring  con- 
nective-tissue cells  take  part  in  their  formation  ?  While  KARL  holds  to  the 
proposition  that  new  vascular  endothelia  always  take  their  origin  from  such  as 
are  already  in  existence,  KOLLIKER,  MAYER,  and  Ui  CKKUT  make  statements 
which  appear  to  prove  that  the  endothelial  vascular  tubes  both  continue  to 
grow  by  themselves  alone,  and  also  to  elongate  through  the  participation  of 
the  connective-tissue  cells  of  the  surrounding  tissue. 


In  the  preceding  pages  we  have  endeavored  to  show  in  detail 
how  in  Vertebrates  the  material  of  the  cleavage-cells  is  differen- 
tiated into  the  separate  fundamental  or  primitive  organ-.  A-  such 
we  must  designate  the  outer  and  the  inner  germ-layers,  the  two 
middle  germ-layers,  and  the  mesenchyme  or  intermediate  layer. 

In  order  properly  to  estimate  at  once  the  signifr  '  the  rdle 

of  these  fi< u<}<i mental  organs,  we  will  glance  at  the  final  result  of  the 
process  of  development — propound  the  question,  What  organs  and 
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tissues  take  their  origin  in  the  separate  germ-layers  and  the  mesen- 
chyme  ?  A  definite  answer  to  this  question  is  possible ,  except  on  a 
few  points  concerning  which  the  accounts  of  the  different  observers 
are  still  contradictory,  and  which  therefore  will  be  indicated  by  a 
mark  of  interrogation. 

From  the  outer  germ-layer  arise :  the  epidermis,  the  epidermoidal 
organs,  such  as  hair  and  nails,  the  epithelial  cells  of  the  dermal 
glands,  the  whole  central  nervous  system  with  the  spinal  ganglia, 
the  peripheral  nervous  system  (?),  the  epithelium  of  the  sensory 
organs  (eye,  ear,  nose),  and  the  lens  of  the  eye. 

The  primary  inner  germ-layer  is  differentiated  into  :— 

1.  The  secondary  inner  germ -layer,  or  entoblast ; 

2.  The  middle  germ-layers ; 

3.  The  fundament  of  the  chorda  ; 

4.  The  germ  of  the  mesenchyme,  which  forms  the  intermediate 
layer. 

The  entoblast  (Darmdriisenblatt)  furnishes  the  epithelial  lining 
of  the  whole  intestinal  canal  and  its  glandular  appendages  (lung, 
liver,  pancreas),  the  epithelium  of  the  urinary  bladder,  and  the 
taste  buds. 

The  middle  germ-layers  undergo  extremely  various  metamorphoses 
after  having  been  differentiated  into  primitive  segments  and  lateral 
plates. 

From  the  primitive  segments  are  derived  the  striated,  voluntary 
muscles  of  the  body  and  a  part  of  the  mesenchyme. 

Frcm  the  lateral  plates  arise  the  epithelium  of  the  pleuroperitoneal 
cavity ;  the  epithelium  of  ovary  and  testis  (primitive  ova,  mother- 
cells  of  the  spermatozoa) ;  in  general,  the  epithelial  components  of 
the  sexual  glands  and  their  ducts,  as  well  as  those  of  the  kidney  and 
ureter ;  and  finally  mesenchymatic  tissue. 

The  fundament  of  the  chorda  becomes  the  chorda  dorsalis,  which  in 
the  higher  Vertebrates  is  reduced,  during  later  stages  of  development, 
to  insignificant  remnants. 

The  mesenchyme-germs,  which  produce  the  intermediate  layer,  un- 
dergo manifold  differentiations,  for  they  spread  themselves  out  in 
the  body  between  the  epithelial  components  as  the  intermediate  mass. 
From  them  are  derived .  the  multiform  group  of  sustentative  (con- 
nective) tissues  (mucous  tissue,  fibrillar  connective  tissue,  cartilage, 
bone),  vessels  (?)  and  blood  (?),  the  lymphoid  organs,  the  smooth, 
involuntary  muscles  of  the  vessels,  of  the  intestine,  and  of  various 
other  organs. 
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HlSTOBY  OF  TIM:   I'AI: AM.  \-r-   AND  M  i  -I.N<  in  \i  i:-Tiu-:'.uiES. 

The  older  investigators,  as,  for  example,  KKMAK,  grouped  t  <•_-<•!  her  all  the 
cells    which    ;ir»)   inserted   between    tin-    two    primary    germ-layers    un«l- 
< nmmon  name  of  the  middle  germ-layrr,  ami  assumed  for  them  a  common 
origin.     To  t  his  conception  His  opposed  in  the  year  1868  in  "  Die  erste  Knt- 
wieklung  drs  lliihnchens  iiu  Ki  "   his  " pnnihldst-thfnri/,"  in  which,  influ' 
principally  by  histogenetic  considerations,  he  distinguished  two  fundaments 
of  different  origin,  an  archiblastio  and  9,  parablast  tc. 

;irchiblastic  fundament  he  designated  the  part  of  the  middle  germ-layer 
which  lies  in  the  body  of  the  embryo  itself,  the  axial  cord  (Achsenstrang)  and 
the  animal  and  vegetative  muscle-plates,  and  he  made  them  arise  by  de- 
lamination  from  the  primary  germ-layers,  and  therefore  ultimately  from  the 
etnl>ryoni<:  cleavage-cells. 

Fie  gave  the  name  parablast  to  a  peripheral  fundament, lying  originally  outside 
the  embryo,  which  is  the  source  of  all  the  connective  substances,  the  blood  and 
the  vascular  endothelium,  and  which  grows  from  the  margin,  or  more  speci- 
fically from  the  opaque  area,  into  the  body  between  the  archiblastic  tissues. 

The  division  of  the  middle  germ-layer  into  archiblast  (chief  germ)  and 
parablast  (accessory  germ),  proposed  by  His  and  carried  out  in  several  of  his 
writings,  found  at  the  time  no  approbation,  and  encountered  decided  and 
successful  opposition,  especially  on  the  part  of  HAECKEL,  because  the  correct 
views  contained  in  the  doctrine  were  obscured  and  covered  up  by  peculiar 
conceptions  about  the  origin  of  the  parablast.  The  parablast,  it  was  claimed, 
is  not  derived  from  the  egg-cell,  but  from  the  white  yolk,  a  product  of  the 
granulosa-cells,  which,  according  to  the  earlier  teachings  of  His,  penetrate 
into  the  primordial  ovum  in  great  numbers  and  become  the  white  yolk-cells 
and  the  yellow  spherules.  But  the  granulosa-cells  in  turn,  it  was  maintained, 
arise  from  the  connective  tissue  (leucocytes)  of  the  mother ;  consequently 
after  their  migration  into  the  egg  they  are  capable  of  producing  a. 
only  connective  tissue  and  blood. 

His  thought  it  was  necessary  to  assume  a  fundamental  difference  between 
chief  germ  and  accessory  germ  ;  the  former  alone  had  experienced  the  influence 
of  fertilisation,  since  it  alone  was  descended  from  cleavage-cells,  whereas  the 
latter,  since  it  issued  from  the  white  yolk  (a  derivative  of  the  maternal  con- 
nective tissue),  was  "  purely  a  maternal  dower." 

KAUBER,  in  a  short  communication,  accepted  the  conclusions  of  His,  in  so 
far  as  he  also  assumed  a  common  origin  for  blood  and  connective  ti>sue,  a 
special  "  haemo-desmoblast,"  but  differed  from  him  in  that  he  derived  them 
from  the  cleavage-cells. 

GOETTE  (1874)  is  also  to  be  mentioned  in  this  connect  ion,  since  he  maintained 
that  the  blood  is  developed  out  of  yolk-cells,  which  break  up  into  clusters  of 
smaller  cells  (Amphibia  and  Birds). 

Proceeding  from  other  standpoints,  and  induced  by  observations  on  In- 
vertebrates, my  brother  and  I  were  led  in  our  t\rhm-Theory  (1881)  to  a  result 
Minilar  to  that  of  His,  namely,  that  two  entirely  different  structures  had  been 
hitherto  embraced  under  the  expression  middle  germ-layer,  and  that  it  was 
necessary  to  introduce  in  the  place  of  the  old  indefinite  conception  two  new 
and  more  precise  ones,  "  middle  (jrnn-layer  in  the  restricted  tense  "  and  "  mesen- 
ehymc-germ"  But  our  conception,  notwithstanding  many  points  of  agree- 
ment, took  in  detail  a  form  very  different  from  the  doctrine  of  His. 
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All  fundaments  of  the  animal  body  are  derived  from  embryonic  cells,  which 
have  been  produced  from  the  egg-cell  by  the  process  of  cleavage.  The  dis- 
tinction between  middle  germ-layer  and  mesenchyme-germ  is  to  be  sought 
in  another  direction  than  in  that  indicated  by  His.  The  middle  germ-layers 
are  sheets  of  embryonic  cells,  Jiaving  an  epithelial  arrangement,  n-hich  arise  by 
a  process  of  folding  from  the  inner  germ-layer,  just  as  the  latter  does  by  a  fold- 
ing of  the  blastula  (compare  the  historical  part  of  Chapter  VII.).  The  mesen- 
chymatic  germ,  an  the  contrary,  embraces  cells,  which  have  been  individually 
detached  from  epithelial  union  in  the  inner  germ-layer,  and  furnish  the  founda- 
tion for  connective  substance  and  blood  by  spreading  themselves  out  in  tJie 
system  of  spaces  between  the  epithelial  germ-layers. 

After  the  appearance  of  the  Coelom-Theory,  His  entered  again  into  an 
explanation  of  his  parablast-theory,  and  modified  it  in  his  paper,  "  Die  Lehre 
vom  Bindesubstanzkeim,"  in  so  far  as  he  no  longer  laid  weight  on  the 
question  whether  the  fundament  of  the  connective  substance  was  derived  from 
the  segmented  or  the  unsegmented  germ. 

The  theory  of  the  double  origin  of  the  middle  germ-layers,  established  by 
His  and  by  us  in  different  ways,  met  with  opposition  on  the  part  of  KOLLIKEE 
who  held  to  the  older  interpretation ;  but  by  many  others  it  was  accepted  ; 
attempts  were  made  further  to  confirm  and  also  to  modify  it  by  KUPFFEE, 
DISSE,  WALDEYEB,  KOLLMANN,  HEAPE,  and  others,  who  defended  the  existence 
of  a  special  connective-tissue  germ. 

KUPFKEB  and  his  followers  furnished  important  observations  concerning 
the  presence  of  yolk-nuclei  in  a  definite  zone  of  the  embryonic  fundament,  and 
their  relation  to  the  formation  of  blood  in  Fishes  and  Reptiles. 

HOFFMANN  and  RtiCKEBT  showed  that  the  yolk-nuclei  do  not  arise  by  free 
[spontaneous]  formation  of  nuclei,  but  are  descendants  of  the  cleavage-nucleus. 

DISSE  investigated  the  germ-wall  of  the  Hen's  egg. 

KOLLMANN  named  the  cells  which  migrate  out  between  the  germ-layers 
poreuts  (Poreuten),  and  the  whole  fundament  the  acroblast. 

Finally,  WALDEYEK  endeavored  to  derive  the  connective-tissue  germ  from 
a  special  part  of  the  cleavage-material,  which  he  divided  into  an  archiblast 
and  a  parablast. 

According  to  WALDEYEB'S  theory,  the  cleavage  of  the  eggs  of  all  t 
animals  in  which  there  is  any  blood  and  connective  substance  does  not  take 
place  uniformly  up  to  the  end,  but  one  must  distinguish  a  primary  and  a 
secondary  cleavage.  "  The  former  divides  the  egg,  so  far  as  it  is  in  any  way 
capable  of  cleavage,  into  a  number  of  cells,  which  are  ready  for  the  production 
of  tissues.  These  then  form  the  primary  germ-layers.  A  remnant  of  im- 
mature cleavage -cells  (in  the  case  of  holoblastic  eggs),  or  of  egg-protoplasm, 
which  is  not  yet  converted  into  the  cell-form  (in  meroblastic  eggs),  is  left 
remaining.  Neither  the  immature  cells,  nor  the  protoplasm  still  unconverted 
into  cells,  enter  for  the  present  into  the  integrating  condition  of  the  germ- 
layers.  On  the  contrary,  it  is  only  afterwards  that  there  is  effected  on  this 
material  a  further  formation  of  cells,  the  secondary  cleavage.  The  immature 
cells  of  the  holoblastic  eggs,  over-loaded  with  nutritive  yolk,  divide  them- 
selves, or,  if  one  prefers,  •  cleave '  themselves  further,  or  the  parts  which  are 
most  richly  provided  with  protoplasm  constrict  themselves  off  from  the 
€ggs,  whereas  the  remnant  of  the  nutritive  material  is  consumed, — the 
unformed  remnants  of  the  protoplasm  (germ-processes)  of  meroblastic  eggs 
become  divided  up  into  cells.  The  cell-material  thus  secondarily  acquired 
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IB  t.rtwrrn  tin;  primary  germ-layers,  and  becomes  blood  and  c« 

nice." 

Dg   to   the    recent    invot illations  of  liABL,  Xn:«;i.i;i:.  v\\    \Vi.inr. 

KI  «  HI  I:T.  ami  otiu-is,  tin-  met*  i  t'rmu  vftrioiu  regi 

.-•Mir  Lrrrm-lay.-r.     A  \  art  i<-i]>afn.n  ,,f  tlio  inner  gurm-luyer  in  the  forma- 
tion of  the  blood-vessels  is  rendered  probable. 


SUMMARY. 

1.  Besides     the    four    germ-la\vrs,    which    have    the    form     of 
epithelial    lamellae,   special    germs    are    developed    in    the    higher 

ebrates  for  the  sustentative  substances  and  the  blood, — the 
mesenchyme-germs.  The  latter  together  make  up  the  intermediate 
layer. 

2.  The   mesenchyme-germs   arise   by  cells   detaching   themselves 
from    epithelial    union   with   the  germ-layers,    and   penetratin_ 
migratory  cells  into  the  fissure  between  the  four  germ -layers  (the 
remnant  of  the  original  cleavage-cavity)  and  spreading  themselves  out 
in  this  space. 

3.  Germ-layers   and  mesenchyme-germ   (intermediate   layer)    ex- 
nibit  a  diflerence  in  the  method  of   their  origin:  the  former  are 
developed  by  foldings  of  the  wall  of  the  blastula,  the  latter  by  emi- 
gration of  isolated  cells  from  definite  territories  of  the  germ-layers. 

4.  Mesenchyme-germs  arise  from  the  wall  of  the  primitive  segment, 
from  the  cutis-plate,  and   at   certain   regions  of  the  parietal    and 
vi>cei:il  lamella?  of  the  middle  germ-layer. 

5.  Blood-vessels  are  developed  both  in  the  body  of   the  embryo 
itself,  in  a  manner  which  still  remains  to  be  accurately  determined, 
mid  also  in  the  territory  of  the  area  opaca  of  meroblastic  eggs. 

6.  The  source  of   the  cells  from  which    the  vessels  and  blood  of 
the  opaque  area  arise  is  at  present  a  matter  of  controversy. 

7.  In  the  formation  of  vessels  in  the  opaque  area  the  folio v 
phenomena  are  to  be  regarded : — 

(a)  The   embryonic   cells   of    the  intermediate   layer   arrange 

t  hemselves : — 

l-'ir>t  into  a  n.  twork  of  cords,  and 

Secondly  into  the  substance-islands  (Substan/inseln). 

(b)  There  are  developed  out  of  the  cell-cords,  at  the  same  time 

with  the  secretion  of  the  fluid  portions  of  the  blood,  the 
endothelial  wall  of  the  primitive  blood-  n<l  their 

cellular  contents,  the  Hood-corpuscles  (blood-islands). 
{c)  The  Substanx.inseln  become  embryonic  coi  -ubstance 
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(d)  The  place  where  blood-vessels  and  connective  substance  at 

first  arise  in  the  opaque  area  is  sharply  limited  at  the 
periphery  by  a  circular  vessel,  the  sinus  terminalis. 

(e)  Since  the   outer   and   the  inner   germ-layers  further   con- 

tinue to  spread  themselves  out  over  the  yolk  after  the 
development  of  the  intermediate  layer,  the  body  of  the 
embryo  becomes  surrounded  by  three  areas : — 
First  by  the  area  pellucida, 
Secondly  by  the  vanular  area  ending  in  the  sinus 

terminalis, 

Thirdly  by  the  yolk-area,  which  is  coextensive  with 
the  margin  of  the  overgrowth. 

8.  The   red   blood-corpuscles   of    all   Vertebrates   possess   in  the 
earliest   stages   of  development   the   power   of   increase   by  means 
of   division.     The  red  blood-corpuscles  of   Mammals    have  at   this 
time  a  nucleus. 

9.  The  following  table  gives  a  survey  of  the  fundamental  organs 
of  the  embryo,  and  the  products  of  their  further  development : — 

I.  Outer  Germ-layer. 

Epidermis,  hair,  nails,  epithelium  of  dermal  glands,  central  nervous 
system,  peripheral  nervous  system,  epithelium  of  sensory  organs,  the 

lens. 

II.  Primary  Inner  Germ-layer. 

1.  Entoblast,  or  secondary  inner  germ-layer. 

Epithelium  of  the  alimentary  canal  and  its  glands,  epithelium 
of  urinary  bladder. 

2.  Fundament  of  the  chorda. 

3.  The  middle  germ-layers. 

A.  Primitive  Segments. 

Transversely  striped,  voluntary  muscles  of  the  body.  Parts 
of  the  mesenchyme. 

B.  Lateral  Plates. 

Epithelium  of  the  pleuroperitoneal  cavities,  the  sexual  cells 
and  epithelial  components  of  the  sexual  glands  and  tlu-ir 
outlets,  epithelium  of  kidney  and  ureters.  Parts  of  the 
mesenchyme. 

4.  Mesenchyme- germ. 

Group  of  the  connective  substances,  blood-vessels  and  blood, 
lymphoid  organs,  smooth  involuntary  muscles. 
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CHAPTER  X. 
ESTABLISHMENT  OF  THE  EXTERNAL  FORM  OF  THE  BODY. 

AFTER  having  investigated  in  the  preceding  chapters  the  fundamental 
organs  of  the  body  of  vertebra  ted  animals,  or  the  germ- layers,  and 
their  first  important  differentiations  into  neural  tube,  chorda,  and 
primitive  segments,  as  well  as  the  origin  of  the  blood  and  connective 
tissues,  it  will  be  our  next  undertaking  to  make  ourselves  acquainted 
with  the  development  of  the  external  form  of  the  body,  and  with  the 
development  of  the  embryonic  membranes,  the  latter  being  intimately 
connected  with  the  former. 

There  exists  an  extraordinary  difference  in  these  respects  between  the 
lower  and  higher  Vertebrates.  When  the  embryo  of  an  Amphioxus 
has  passed  through  the  first  processes  of  development,  it  elongates, 
becomes  pointed  at  both  ends,  and  already  possesses  in  the  main 
the  worm-like  or  fish-like  form  of  the  adult  animal.  But  the  higher 
we  ascend  in  the  series  of  Vertebrates,  the  more  are  the  embryos, 
wln-ii  they  attain  the  stage  of  development  oorreeponding  to  the 
Amphioxus  embryo,  unlike  the  adult  animals:  at  tlii>  stage  they 
assume  very  singular  and  strange  forms,  inasmuch  as  they  become 
surrounded  by  peculiar  envelopes  and  are  provided  with  various 
appendages,  which  sul>.-tqii"ntly  disappear. 


\I:I.ISHMI;M    <.i     i  :  \.\i.    n>uM    Off    in;:   i'.m»v. 


The  dilleiviu  e  i-  i  «  -t'«-i  a  Me,  first  of  nlL  t  •••  or  less  extensive 

lt  nJ.it  in,,  ,>('  nutritio  it»tk,  the  si^nitic.i  :  the 

na-cent  organism  is  twofold. 

1-Yom  a  y.'/y.NW»  /,//(••/''  '-.  the  nutritive  yolk  i-  a  rich 

source  of  energy  which  alone  inake>  it  p:..v>il>]e  for  tin-  emltrvolo^ie.il 

;•>  take  place  in  iininterrupted  sequence,  until  at  length  an 
organism.   \\ith   an  already   relatively   high   organisation,    l.'-ins   its 

Independent  existence. 

1  Voni  a  morphological  point  ofvi<»-.  on  t  he  otlier  hand,  the  yolk  plays 
the  rule  of  ballast,  which  exerts  a  restrictive  and  modify  in;:  intluence 
on  tin*  direct  and  tV«  o  development  of  those  organs  \\liic-h  are  en- 
\\itli  thf  reception  and  elaboration  of  it.  Even  at  tin*  \.-ry 
of  development  we  could  see  how  the  cleavage-  process  and 
'.he  forma  tii  »n  of  the  germ-layers  were  retarded,  altered,  and  to  a  cert  a  in 
nt  even  suppivssrd  by  the  presence  of  yolk.  In  what  follows  we 
shall  a.irain  have  occasion  to  point  out  the  same  thing,  —  how,  owinij 
to  the  presence  of  yolk,  the  normal  formation  of  the  intestinal  canal 
and  of  the  body  can  be  attained  only  gradually  and  by  a  ciivuit<ni> 
proa 

In  the  second  place,  the  great  difference  which  the  embryo 
Vertebrates  present  is  produced  by  the  medium  in  which  the  eggs 
underiro  development.  Eggs  which,  like  those  of  water-inhabiting 
Vertebrates,  are  deposited  in  the  water,  are  developed  in  a  more 
simple  and  direct  manner  than  those  which,  provided  with  a  firm 
shell,  are  laid  upon  the  land,  or  than  those  which  are  enclosed  in 
the  womb  up  to  the  time  of  the  birth  of  the  embryo-. 

In  the  two  latter  cases  the  growing  organism  attains  its  goal  onlv 
l>y  very  indirect  ways.     At  the  same  time  with  the  /-•  /•//,•///•  •///  . 
there  are   also  developed   others   which   have  no   >ii;niticanre  for   the 

einlij-yonii-   life,  but    which   aerVQ  during  the  eg^-stauv  of  e 
ence  either  for  the  protection  of  the  soft,  delicate,  and  easily  injured 

y,  or  for  myj//vf//fM,    or    for    nutrition.     Tie  >  •    either    und--riro 

metamorphosis  at   the  en<l   of  embryonic  life,  or  are 
otVat  birth  a-  u>  "less  and  unimportant  structures.     Jlut  inasmuch  as 
they  are  d  -vel.ip.d  out  of  the  germ-layers,  they  ;,re  also  properly  to 
be  r»?nr>trdfd  as   lu-lnii^ing  immediately  to  the  nism  —  as 

bi  inu  it>  cinlriitniic  organs,  and  as  such  they  too  are  to  !•«•  t  reared  in 
morphological  de.scrip:  ion- 

The   extensive   material   which    has   to    he    inaMer.  d   in    this  con- 
nection I  .shall  pr«  s  'lit  grouped  into  | 

In  ti'  •(  we  shall  im|uiiv  how  the  embryo  overcomes  the 
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obstacle  which  it  encounters  in  the  presence  of  the  yolk  and  acquires 
its  ultimate  form. 

In  the  second  and  likewise  more  extensive  part  we  must  concern 
ourselves  more  minutely  with  the  embryonic  enveloping  structures 
and  appended  organs,  which  subserve  various  purposes. 


The  collection  of  yolk-material  disturbs  the  course  of  development 
least  in  the  case  of  the  Amphibia.  The  latter  therefore  stand, 
as  it  were,  midway  between  Amphioxus  with  direct  development 

and  the  remaining  Verte- 
brates, and  constitute  a 
transition  between  them. 
In  the  Amphibia  the  yolk 
shares  in  the  process  of 
cleavage;  after  the  close  of 
this  process  it  is  found  ac- 
cumulated for  the  most  part 
in  the  large  yolk-cells  which 
form  the  floor  of  the  blast ula 
(fig.  45) ;  at  the  time  of  the 
differentiation  into  germ- 
layers  it  is  taken  up  into  the 
coelenteron,  which  it  almost 
completely  fills  (fig.  47);  after 
the  formation  of  the  body- 
sacs  the  large  yolk-cells  lie 
in  a  similar  manner  in  the 

ventral  wall  of  the  intestine  proper  (fig.  118  ?//().  Here  they  are  in 
part  di» olved  and  employed  for  the  growth  of  the  remaining  parts 
of  the  body,  in  part  they  share  directly  in  the  formation  of  the 
epithelium  of  the  ventral  wall  of  the  intestine. 

In  consequence  of  the  presence  of  the  great  accumulation  of  yolk- 
n-lls.  the  Amphibian  embryo  acquires  a  shapeless  condition  at  a  time 
when  the  Amphioxus  larva  has  already  become  elongated  and  \\A\- 
like.  The  body,  which  is  spherical  during  iMMmlation,  later  becomes 
h.-ijied,  owniir  to  its  elongation.  Thereupon  the  head-end  and 
the  tail  end  Ix-^in  to  be  established  at  the  two  poles  as  small  < •!• 

<  tij^s.  118  and  80).     The  middle  or  trunk-part  lying  bet\\.    n 
the  latter   becomes  somewhat  incurvid  along  its  dorsal  region,  in 


Fig.  118. — Diagrammatic  longitudinal  section  through 
the  embryo  of  a  Frog,  after  GOETTE,  from  B/.LFOUR. 

nc,  Neural  tube ;  x,  communication  of  the  same  with 
blastopore  arid  ccelenteron  (ai)  ;  yk,  yolk-cells  ;  m, 
middle  germ -layer.  For  the  sake  of  simplicity  the 
outer  germ-layer  is  represented  as  if  composed  of 
a  single  layer  of  cells. 
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which  neural  tube,  ch<>rda.  and  primitive  >e^ments  are  developed,  10 

that  the  cephalic  and  caudal  rlevati«>ns  become  joimd  by  meai 

a  concave  line.     The   ventral  side  of  tin-  trunk  region,  <>n   the  con- 

traiy,  is  greatly  swollen  and  bulges  otd   \entrally  ami  laterally  like 

a  hernia.  >ince  it  is  tilled  \\ith  yolk  cells.      This  swelling   is   therefore 

Called  the    ///;// 

Iii  the  further  pro^n  ss  of  development  the  embryo  continually 
acquire-  a  more  lish-like  shape.  The  .-interior  and  the  poM>ii<>r 
ends  of  the  body,  especially  the  latter,  innvase  greatly  in  length, 
and  the  middle  of  the  trunk  becoim  s  thinner,  for  with  the  conMimp- 
tion  of  the  yolk-material  the  yolk-sac  becomes  smaller  and  finally 
disappears  altogether,  its  walls  1>;  in£  incorporated  into  the  ventral 
wall  of  the  intestine  and  that  of  the  body. 

The  interferences  in  the  norm"/  c<»'rse  of  development  becom 
in  the  same  ratio  as  the  yolk  increases  in  amount,  as  it  does  in  tin' 
case   of  the  meroblastic  eggs  of  Fishes,    fieptiles,  an>l    ]lir<ls.     \\'ith 
the  latter  the  yolk  is  no  longer  broken  up  into  a  mass  of  yolk  < 
M  in  tht1  case  of  the  Amphibia;   it   participates  in  the  process  of 
rli-ava^e,  but  only  to  a  slight  extent,  inasmuch  as  nuclei  make  tin  ir 
way  into  the  layer  of  yolk  which  is  adjacent  to  the  germ,  and. 
rounded  by  protoplasm,  continue  to  increase  in  number  by  di\: 
The  gastrula-form  is  altered  until  it  becomes  unrecognisable;  onlv 
a   small    part,    of   its    dorsal    surface   consists   of   cells,    which    are 
arranged    into   the    two    primary   germ-layers,    whereas   the  whole 
ventral  side,  where  in  the  Amphibia  the  yolk-cells  are  found,  i>  an 
nnsegmented  yolk-mass. 

Thus  we  acquire  in  the  case  of  the  Vertebrates  mentioned  a 
peculiar  condition ;  the  embryo,  if  we  regard  the  yolk  as  not 
belonging  to  the  body,  appears  to  be  developed  from  layers  that  are 
spread  out  flat  instead  of  from  a  cup  like  structure  (Plate  I.,  fig.  1, 
213).  Moreover  we  see  even  a  greater  distinction  effected 
In -tween  the  dorsal  and  ventral  surfaces  of  the  egg  during  develop- 
ment than  was  the  ca>e  with  the  Amphibians.  The  fundaments  of 
all  important  organs,  the  nervous  system,  the  chorda,  the  primitive 
segments  (Plate  L,  figs.  2,  8),  are  at  first  produced  exclusively  on  the 
former,  whereas  on  the  ventral  side  few  and  unimportant  changes  only 
are  to  be  observed.  These  consist  principally  in  the  extension  of  tin- 
germ-layers,  which  spread  out  farther  vent  rally,  grow  over  the  yolk- 
maxs  (Plate  I.,  figs.  2-5),  and  form  around  it  a  el- 

\  eral  layers.     This  circumcrescence  of  the  unsegmented  yolk  by 
the  germ-lay,  i  -  i>  accomplished,  on  the  whole,  very  slowly,  the  more 
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voluminous  the  accumulated  yolk-material,  the  more  time  it  requires  : 
thus,  for  example,  in  the  case  of  Birds  it  is  completed  at  a  very  late 
stage  of  development,  when  the  embryo  has  already  attained  a  high 
state  of  perfection  (Plate  I.,  fig.  5). 

In  the  case  of  meroblastic  eggs,  the  part  of  the  germ-layers 
on  which  the  first  fundaments  of  the  organs  (neural  tube,  chorda, 
primitive  segments,  etc.)  appear  has  been  distinguished  as  the 
embryonic  area  from  the  remaining  part,  or  the  extra- embryonic  area. 
The  distinction  is  both  fitting  and  necessary ;  but  the  names  might 
have  been  more  appropriate  than  "  embryonic  and  extra-embryonic," 
since  obviously  everything  that  arises  from  the  egg-cell,  and  con- 
sequently even  that 

•£»»  which    originates   in 

the  extra-embryonic 
area,  must  be  rec- 
koned as  belonging 
to  the  embryo.  The 
differentiation  into 
two  areas  persists  in 
the  course  of  further 
development,  and  be- 
comes expressed  still 
more  sharply  (fig. 
119).  The  embryonic 
area,  by  means  of  the 
folding  of  its  flattened 
layers  into  tubes, 

alone  forms  the  elongated,  figh-like  body  which  all  Vertebrates  a< 
first  exhibit;  the  extra-embryonic  area,  on  the  contrary,  becomes 
a  sac  filled  with  yolk  (ds),  which,  like  an  enormous  hernia,  is  united 
to  the  embryo  (Em)  by  means  of  a  stalk  (st)  attached  to  its  belly, 
sometimes  even  while  the  embryo  is  still  remarkably  small. 

We  must  now  explain  more  minutely  the  details  of  tho  processes 
of  development  which  take  place  in  this  connection :  fi^t  the 
metamorphosis  of  the  flattened  embryonic  area  into  the  fi>h -lik«» 
embryonal  body,  and  secondly  the  formation  of  the  yolk-sac. 

In  the  presentation  we  shall  adhere  chiefly  to  the  Hen's  egg,  but 
for  the  time  being  we  shall  leave  out  o.f  consideration  the  formation 
of  the  embryonic  membranes. 

The  body  of  the  Chick  ia  developed  by  a  folding  of  the  flatt 
layers,  and  by  the  constricting  off  of  the  tubular  structures  thus  formed 


Fig.    119.— Advanced  embryo  of  a  Shark    (Pristiurus),    after 

BALFOUR. 
Em,  Embryo  ;  dt,  yolk-sac  ;  st,  stalk  of  the  yolk-sac ;  av,  arteria 

vitellina  ;  w,  vena  vitellina. 
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/"/•(*/,/  tl,.  «r> a  [>•  //»<•/', /<i.      The  beginning  of  tl>  ot'  folding  is 

juisable    upon    the    surface    of     the    blastoderm     by    meat 
(•••rtain  furrow.-,  the  innrtjiiinl  <//•<»,,;  •*•  (( Iren/rinnrn)  of    His.      'I: 
appear  earlier   in   the   anterior  than   in   the  posterior   region   of   the 
embryonic   fundament,   in   OOIT€8pOndeh06    with    the    law    previously 
enunciated,    according    to    which 
the    anterior   end   of    the    body 
anticipate-    in    development    the 
p«  -terior  end. 

At  first  that  part  of  the 
embryonic  fundament  which  is 
de>tined  to  become  the  head  is 
marked  oil'  by  means  of  a  cres- 
rentic  groove  (fig.  120).  In  the 
of  the  Chick  this  is  indicated 
during  the  first  day  of  incubation, 
at  a  time  when  the  first  trace 
of  the  nervous  system  becomes 
visible.  It  lies  immediately  in 
front  of  the  curved  anterior  end 
of  the  medullary  ridges,  with  its 
concavity  directed  backward. 

At  a  later  >tage  the  embryonic 
area  is  marked  oil'  laterally.     In 

t  he  rase  <:f  t  he  embryo  seen  from    Fig-  120.-Surface-view  of  the  area  pellucida  of 
„  .        „        101     •          i  •   v         a  blastoderm  of  18  hours,  after  BAI  i 

the  surface  in  tig.  121,  in  which   In  fl,,Ilt  1)f  the  1)rilllj,iVC  gr0ove  (^}  lies  the 

medullary  furrow   (,//«•) ,   with  the  medullary 

(A).      These 

out  on  either  hide  in  front  of   the  primitive 
groove;  anteriorly,  on  the  o>ntrary,  ii 
continuous  with  e.ich  other,  and  form  U 
U-hind   A  curved  line,  which   represents  the 


'  inar.iiinal  i;riMiVf.     The  second 
line,  1\  iiu'  i"  front  .if  and  th  the 

firat,  i>  •  •  w'  "f  the  amniotir  fold. 


the  neural  tube  is  already  j  artly 
closed  and  segmented  into  three 
brain-v«  -h-les,   and   in    which    six 
of  primitive  segments  are- 
laid    down,    there     may    be    re- 
i-ed  at  some  distance  from 
these    primitive    segments    two 
dark     Mivaks.    the    two    lateral     marginal    g]  'I'lu-y    1. 

di>tinrt  in   passing  fiom   before  backuanl,  and  wholly  di.-apj-ear 
at  the  end  of  the  primitive  gn  . 

l-'inally.  the  tail  end  of  the  embryo  is  mark*  d  oil'  by  the  p 
marginal  groove,  which  like  the  ai. 
concavity  direct*  d  toward  the  head. 

In  this  manner  a  small   part  of  the  germ  layers,  which   alone  is 
required  for  the  construction  of  the  permanent  body,  i-  aeparab  d  by  a. 
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continuous  marginal  furrow  from  the  much  more  extensive  extra- 
embryonic  area,  which 
serves  for  the  formation 
of  evanescent  organs  like 
the  yolk-sac  and  the  em- 
bryonic membranes. 

The  marginal  grooves 
are  formed  by  the  infold- 
ing of  the  outer  germ-In  yr-r 
and  the  parietal  middle 
layer,  which  are  together 
called  the  somatopleure,  and 
in  such  a  manner  that  tin 
ridge  of  the  original  small 
fold  is  directed  downward 
toward  the  yolk  (Plate  I., 
fig.  8  «/).  The  space  en- 
closed by  the  two  folded 
layers  is  the  marginal 
groove  (gr).  As  we  have 
distinguished  on  the  latter 
several  regions,  which  are 
developed  at  different  times, 
so  must  we  here  distinguish 
the  corresponding  folds, 
and  we  consequently  speak 
of  a  headfold,  a  tail- 
fold,  and  the  two  lateral 
folds. 

The  head-fold  appears, 
first  of  all,  even  on  the 
first,  but  more  distinctly 
on  the  second,  day  of  in- 
cubation. By  means  of 
it  the  head-end  of  the 
embryonal  fundament  is 
formed  and  separated  from 
the  extra-embryonic  part 
of  the  germ -layers.  At 
the  moment  of  its  origin  it  is  turned  directly  downward  toward  the 
yolk;  but  the  more  it  enlarges, — whereby  the  anterior  marginal 


Fig.  121. — Blastoderm  of  the  Chick,  incubated  33  hours, 
after  DUVAL. 

One  sees  the  pellucid  area,  /*/,  surrounded  by  a  portion 
of  the  opaque  area,  df.  The  fundament  of  the  nervous 
system  is  closed  anteriorly  and  segmented  into  three 
brain-resides,  hb\  hb*,  hb1;  behind,  the  medullary 
fold  MI/  is  still  open.  On  either  side  of  it  lie  six 
primitive  segments,  w*.  The  posterior  end  of  the 
fundament  of  the  embryo  is  occupied  by  the  primitive 
streak  with  the  primitive  groove,  pr. 
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deepen*  .1   into   a   pit.      the  turn,  d  i 

wards. 

TWO  diagrammatic  longitudinal  »•  «.f   whi<-h  i-  >!:->wn  ill 

\'2'2.   the  other  on   Plato   1..  tiur.   11.  may  this 

process. 

In  li«,'.   1--  there  i-  shmvn.  projecting  above  tin-  otherwise  smooth 

tlat  rarfaoe  of  the  germ-layers,  a  -mall  protul.  •ranc<-.  which  encloeee 
the  anterior  end  of  the  neural  tube   (3V)  and  the  simul< 
forming  intestinal   tube  (/)),  and  which  ha-  ari-en  by  the  formation 
of  the  fold  F.So.     The  upper  sheet  of  the  fold,  l.y    ! 


Fig.   122. -Diagrammatic  longitudinal  section  through  the  axis  of   an    embryo   Bird 
BALFOUR. 

The  section  represents  the  condition  \vln-n  tin-  hi-.-ul-fuld   h.i*  begun,  but  the  t.iil -i»l>l  ia  still 
Banting. 

F.So,  Head-fold  of  the  somatopleure  ;  F.Sp,  head  folU  of  the  splauclinopleure,  forming  at  Sp  the 
lower  wall  of  the  front  end  of  the  oiesenteron  ;  D,  c.tvity  of  the  fore  gut ;  ;/.  -.meal 

cavity  ;  Am,  fundament  of  the  anterior  fold  of  the  amnion  ;  A'.C1,  neural  tube ;  Ch,  ch 
A,  B,  C,  outer,  middle,  inner  germ-layer,  everywhere  distinguished  by  different  sin 
lit,  ! 

backwards,  furnishes  the  ventral  wall  of  the  cephalic  elevation ;  the 
1<  u«r  sheet  forms  the  floor  of  the  marginal  groove. 

In  the  second  figure,  in  \vhich  there  is  represented  a  diagrammatic 
longitudinal  section  through  an  older  embryo,  the  head-fold  (A;/*1)  has 
extended  still  farther  backward.  The  head  has  thereby  become 
longer,  simc  its  under  surface  has  inert  ased  in  consequence  of  the 
advance  in  the  process  of  folding. 

Whoever  desires  to  make  this  proiv».  which  is  very  important  for 
the  comprehension  of  the  construction  of  animal  forms,  clearer  and 
more  intelligible,  may  do  so  with  the  help  of  an  ea>il\  con-tiuct.  <1 
model.  Let  him  stretch  out  his  left  hai.»l  on  a  tahle,  and  spn  ad  tlat 
over  the  back  of  it  a  cloth,  which  is  to  ivpr«->-.-nt  the  blastoderm  ; 
then  let  him  fold  in  the  cloth  with  his  riirht  hand  by  tucking  it  a 
little  way  under  the  points  of  his  left  tinkers.  The  artificially  pro- 
duced fold  corresponds  to  the  head-foM  previously  described.  The 
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points  of  the  fingers,  which  by  the  tucking  under  of  the  cloth  have 
received  a  covering  on  their  lower  sides,  and  which  project  above 
the  otherwise  flattened  cloth,  are  comparable  to  the  cephalic  eleva- 
tion. In  addition  we  can  represent  the  backward  growth  of  the 
head-fold  by  tucking  the  cloth  still  farther  under  the  left  fingers 
toward  the  wrist. 

The  hinder  end  of  the  embryo  develops  in  the  same  manner  as  the 
front  end,  only  somewhat  later  (compare  fig.  11,  Plate  I.).  Corre- 
sponding to  the  posterior  marginal  groove  (gr),  the  tail-fold  is  so  formed 
that  its  ridge  is  directed  forward  and  that  it  grows  toward  the  head-fold. 

Where  in  surface-views  of  the  blastoderm  the  lateral  marginal 
grooves  are  to  be  seen  (fig.  121),  one  recognises  on  cross  sections  the 
lateral  folds  (Plate  I.,  fig.  8  sf).  They  grow  at  first  directly  from 
above  downwards,  thus  producing  the  lateral  walls  of  the  trunk. 
Afterwards  their  margins  bend  somewhat  toward  the  median  plane 
(Plate  I.,  fig.  9  sf),  thereby  approaching  each  other,  and  in  this  way 
gradually  draw  together  to  form  a  tube  (Plate  I.,  fig.  10).  By  their 
infolding  the  trunk  acquires  its  ventral  wall. 

In  order  to  avoid  misconceptions,  let  it  be  further  remarked  that 
only  at  the  beginning  of  their  formation  are  head-,  tail-,  and  lateral 
folds  somewhat  separated  from  one  another,  but  that  when  they 
are  more  developed  they  are  merged  into  one  another,  and  thus  are 
only  parts  of  a  single  fold,  which  encloses  the  fundament  of  the  embryo 
on  all  sides. 

As  the  separate  parts  of  this  fold  increase,  they  grow  with  their 
bent  margins  from  in  front  and  from  behind,  from  right  and  from 
left,  toward  one  another,  and  finally  come  near  together  in  a  small 
territory,  which  corresponds  approximately  with  the  middle  of  the 
surface  of  the  embryo's  belly,  and  is  designated  on  the  figure  of  the 
cross  section  through  this  region  (Plate  I.,  fig.  10)  by  a  ring-like  line 
(7m).  Thus  a  small  tubular  body  is  formed  (Plate  I.,  fig.  3),  which  lies 
upon  the  extra-embryonic  area  of  the  blastoderm  and  is  united  to  it 
by  means  of  a  hollow  stalk  (7m).  The  stalk  marks  the  place  where 
the  margins  of  the  folds,  growing  toward  one  another  from  all  sides, 
have  met,  but  a  complete  constricting  off  of  the  embryonic  territory 
from  the  extra-embryonic  does  not  take  place. 

We  can  also  represent  these  conditions,  if,  in  the  previously  men- 
tioned model,  we  in  addition  fold  in  the  cloth  that  covers  the  ti|-> 
of  tin-  lingers  along  the  sides  of  the  hand  and  the  wrist,  and  then 
c:ti TV  the  circular  fold  thus  artificially  f<  i  im  d  .--till  farther  under, 
even  to  the  middle  of  the  palm.  Then  the  cloth  forms  around  the 
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hand  a  tubular  >heath.  which  is  continii"  •,••   place   hy  means. 

of  a  connecting  cord  with  tin-  liar  .-lining  p»rti. 

cloth. 

A  process  similar  to  the  externally  visible  one  just  descri I »<•»!,  by 

\vliich  the  lateral  ami  ventral  walls  of  the  holy  are  produced  from 
the  >heet-like  fundaments,  takes  place  at  the  same  time  within  the 
embryo  in  the  splanchnopleure.  Tiiere  are  developed  from  it,  as 
i'lnlii  the  >o  m  atople  lire,  an  Ulterior,  a  pOfteriar,  and  two  la'eral 
intestinal  folds. 

Fii>t.  at   the  time  when  the  head  is  differentiated  i  tig.  122),  the 

part   of  tlie  splanchnopleure  corresponding  to   it    (F.Xj>.)    i>  folded 

her  into  a  tube,  the  so-called  curtly  of  the  fore  gut  or  ]i><i<l-<i  nt  (D). 

The  Mine  process  repeats  itself  on  the  third  day  of  incubation  at 
the  posterior  end  of  the  embryonal  fundament,  where,  upon  the 
appearance  of  the  caudal  part  (Plate  I.,  fig.  11),  there  is  formed 
within  it  ami  out  of  the  splanchnopleure  the  cavity  of  the  hind  <jnt. 

Both  parts  of  the  intestine  at  first  terminate  with  blind  ends 
directed  toward  the  outer  surface  of  the  body.  At  the  head-end 
the  mouth-opening  is  still  wanting,  at  the  po>trrior  »  nd  the  anus. 
\Vh«  n,  however,  one  raises  the  blastoderm  with  the  nascent  embryo 
from  the  yolk,  and  examines  it  from  the  under  side,  the  anterior 
and  posterior  portions  of  the  intestinal  canal  exhibit  openings  (*•//</' 
and  //'///).  through  which  one  can  look  from  the  yolk-side  into  the 
blind-ending  cavities.  One  of  these  is  called  the  anterior,  the  other 
the  posterior,  intestinal  portal  or  intestinal  entrance  (Plate  I.,  fig.  11 
?v/y//';<nd  It<ljif). 

Between  the  two  portals  the  middle  region  of  the  intestinal  canal 
remains  for  a  long  time  as  a  leaf-like  fundament.  Then  by  its 
becoming  somewhat  bent  downwards  (Plate  I.,  figs.  9  and  2)  there 
s  under  the  chorda  dorsal  is  an  intestinal  groove  (•//•),  which  lies- 
bet  ween  fore  and  hind  gut.  Owing  to  the  further  increase  of  the 
lateral  int»>tinal  folds  (df),  the  groove  becomes  deeper  and  «L 
and  finally,  by  the  approximation  of  the  edges  of  the  folds  from  in 
front,  from  behind,  and  from  both  sides,  becomes  cl«>s  d  into  a  tube 
in  the  same  manner  as  the  wall  of  the  body. 

At  only  one  small  place,  which  is  indicat»d  by  the  ring-like  line 
ilit  in  Plate  I.,  figs.  Sand  10,  the  folding  and  constrict  ing-oil'  process 
is  not  complehd,  and  h.  re  the  intestinal  tube  too  remains  con- 
tinuous, by  means  of  a  hollow  >talk.  with  the  extra-embryonic  part 
of  the  splanchnopleure,  which  em-loses  the  yolk. 

The  part  of  the  germ-layers  which  is  not  employed  in  the  formation 
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of  the  embryo  f urnisht  s  in  the  case  of  the  Reptiles  and  Birds  the 
yolk-sac  and  certain  embryonic  membranes.  I  shall  speak  of  the 
development  of  these  in  the  next  chapter. 

The  fate  of  the  extra-embryonic  area  of  the  blastoderm  in  Fishes 
is  more  simple,  since  there  is  formed  from  it  only  a  sac  for  the 
reception  of  the  yolk. 

Fig.  123  exhibits  the  embryo  (Em)  of  a  Selachian,  which  has 
arisen  by  the  infolding  of  a  small  area  of  the  germ-layers  in  the 

manner  described  for 
the  Chick.  All  the 
remaining  part  of 
the  egg  has  become 
a  great  yolk-sac  (cfe), 
which  is  united  with 
the  middle  of  the 
belly  by  means  of  a 
long  stalk. 

The  Teleosts  (Plate 
I.,  fig.  6)  show  us 
transitions  from  this 
condition  to  one  in 
which  the  yolk-sac, 
as  in  Amphibians, 
is  not  separated  by 

a   stalk   from   the   mesenteron,    but  represents   only   a    capacious 
enlargement  of  the  latter  and  of  the  belly- wall. 

Let  us  now  examine  more  carefully  the  structure  of  the  yolk-sac. 
As  has  been  remarked  already,  all  four  of  the  germ-layers  spread 
themselves  out  one  after  another  around  the  unsegmented  yolk-mass 
of  meroblastic  eggs  (Plate  I.,  figs.  6  and  7).  As  in  the  embryonal 
body  the  two  middle  germ-layers  separate  from  each  other  and  allow 
the  body-cavity  to  appear  between  them,  so,  too,  at  a  later  stage 
the  same  process  occurs  in  the  extra-embryonic  area.  Throughout 
the  region  of  the  middle  germ-layer  there  is  formed  a  narrow 
fissure,  for  which  the  name  "extra-embryonic  body-cavity,"  or 
blastospheric  ccelom  (cavity  of  the  blastoderm,  KOLLIKER),  would  be 
most  suitable.  It  separates  the  envelope  of  the  yolk  into  two  layers, 
of  which  the  inner  is  the  immediate  continuation  of  the  intestinal 
wall  (splanchnopleure),  the  outer,  on  the  contrary,  that  of  the  body- 
wall  (somatopleure).  Therefore,  to  be  exact,  we  have  before  us  a 
double  sac  formed  around  the  yolk,  which  we  can  distinguish  as 


Fig.   123. — Advanced    embryo  of  a  Shark    (Pristiurus),    after 

BALFOUB. 
En,  Embryo  ;  ds,  yolk-sac  ;  st,  stalk  of  the  yolk-sac  ;  av,  arteria 

vitellina ;  w,  vena  vitellina. 
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intestinal  yolk-oac  and  dermal  yolk  sac.     Tin-  former  i-  -imply  a 

In  rnia-like     evairinat  ion    of    the     intestinal    canal,    and,     like    r 

composed  of  three  layen  : 

(1)  'I'll.-  int.stino-L'landular  l:i  ,  -the  ento  --condary 

entoderm,  which  encloses  the  yolk  ; 

(2)  The  visceral  middle  layer,  or  the  pleuroperitoneal  epithelium 

(//</.•-):  and 

(3)  The  intermediate   layer   (/wi>rhenblatt ),    in   which    have    t)een 
developed  the  vitelline  blood-vess-ls,  which  at  the  be«rinnin.L'  <>f  th. 
circulation    of  the  blood  have    to    conduct    the    liquefied    nutritive 
material  from  the  yolk  sac  to  the  places  of  embryonic  growth. 

The  dermal  yolk-sac  is,  as  a  continuation  of  the  body-wall,  likewise 
composed  of  three  layers — the  epidermis  (a/r),  the  parietal  middle 
layer  (mkl),  and  the  connective-tissue  intermediate  substance 
(ZuischeiiMibstanz). 

It  lias  already  been  stated  that  the  const rictin^-oll'  of  the  yolk 
from  the  embryonal  body  is  quite  variable  in  ex tnit,  and  can  ^o  so 
far  that  the  connection  between  the  two  is  kept  up  only  by  mean- 
of  a  naiTOw  stalk.  A  more  careful  examination  -hows  that  in  the 
latter  case  the  stalk  itself  is  composed  of  two  narrow  tubes  one 
within  the  other  (Plate  I.,  fig.  7),  of  which  the  outer  unites  the 
dermal  yolk-sac  (/is)  to  the  ventral  wall  of  the  body,  and  the  inner 
the  int<  stinal  yolk-sac  to  the  intestinal  canal.  The  former  i-  called 
the  dermal  stalk,  the  latter  the  intestinal  stalk  ('in]  or  vitelline 
duct,  diu-tus  vitello-inte>tinalis.  The  place  of  attachment  of  the 
dermal  stalk  in  the  middle  of  the  ventral  surface  of  the  embryo  i- 
called  the  dermal  navel  (hn);  the  corresponding  plaiv  of  attachment 
of  the  intestinal  stalk  to  the  wall  of  the  inte.-tine  the  intestinal 
na\el  (dn).  The  embryonic  body-cavity  opens  out  between  the  two, 
and  is  continuous  with  the  fissure  between  dermal  and  intestinal 
yolk-sac  with  the  •'  extra-einbrvoiiic  ln>d\  -cavit  v  "  or  the  blasto- 
s])hei-ic  coelom  (///-). 

'I'he  ultimate  fate  of  the  yolk-sac  in  the  Fishes  is  the  -ame  as  in 
the  Amphiliia.  It  is  still  employed,  even  in  the  extreme  case  of  the 
Selachian-,  for  the  formation  of  the  wall  of  the  intestine  and  that 
of  the  body.  The  more  its  content-  are  liquefied  and  al>>..rl> .  d, 
the  more  the  yolk-sac  -liriv.  1-.  When  the  int*  stinal  yolk-sac  has 
become  veiy  >maii.  it  is  drawn  into  the  body*  vd  finally 

B6TV<  -  to  close  the  intestinal  navel,  jn-t  u  the  dermal  yolk-sac  upon 
it-  disappearance  closes  up  the  dermal  na\'el.  With  the  lower 
Vertebrates  a  shedding  of  the  embryonic  part*  has  not  yet  come  into 
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existence.      The   next   chapter   will   explain   what  becomes  of  thu 
yolk-sac  in  the  case  of  Reptiles  and  Birds. 

SUMMARY. 

1.  In  the  case  of  Vertebrates  whose  eggs  contain  little  yolk,  the 
embryo   after    the   development   of    the   germ-layers   takes  on   an 
elongated,  fish-like  form. 

2.  In  eggs  with  abundant  yolk  the  body  of  the  vertebrated  animal 
is  produced  by  only  a  small  region  of  the  germ-layers  (the  embryonic 
fundament) ;  the  far  greater  extra-embryonic  area  is  employed  for 
the  formation  of  a  yolk-sac  and  of  embryonic  membranes  (the  latter 
only  in  Reptiles  and  Birds). 

3.  The  separate  layers  of  the  embryonic  fundament  constrict  them- 
selves off  from  the  extra  embryonic  territory,  and  at  the  same  time 
become  folded  into  tubes — the  somatopleure  into  the  tubular  body- 
wall,  the  splanchnopleure  into  the  intestinal  tube  (head-fold,  tail-fold, 
lateral  folds,  intestinal  groove,  intestinal  fold). 

4.  The  extra- embryonic  territory  of    the  germ-layers  remains  in 
continuity  with  the  two  tubes  by  means  of  a  stalk-like  connection. 

5.  In   Fishes  the  extra-embryonic  territory  of   the  germ-layers 
becomes  the  yolk-sac,  which  is  composed  of  two  sacs,  the  intestinal 
and  the  dermal  yolk-sacs,  separated  from  each  other   by   a  pro- 
longation of  the  embryonal  body-cavity. 

6.  The  place  where  the  dermal  yolk-sac  is  attached  to  the  belly- 
wall  of  the  embryo  by  a  stalk-like  prolongation  is  called  the  dermal 
navel  or  umbilicus ;  the  corresponding  place  of  attachment  of   the 
intestinal   yolk-sac   to  the   middle   of  the   intestinal   canal   is   the 
intestinal  navel  or  umbilicus. 

7.  In  Fishes  the  yolk-sac  after  resorption  of  the  yolk-material, 
accompanied  by  the  phenomena  of  shrivelling,  is  employed  for  the 
closure  of  the  intestinal  and  dermal  navels. 

8.  In  Reptiles  and    Birds   the  extra-embryonic  region  furnishes, 
in  addition  to   the  yolk-sac,   several  other   embryonic  membranes, 
which  complicate  the  development. 


CHAPTER  XI. 

THE  FCETAL  MEMBRANES  OF  REPTILES  AND  BIRDS. 
As  has  already  been  stated,  the  course  of  development  in  all  animals 
which  do  not  deposit  their  eggs  in  water — in  Reptiles,   Hints,  and 
Mammals — is  unusually  complicated,   owing   to  the  appearance  of 
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:il    ru'LT  t-n\.  !"]>•-    (embryonic   or    I'M  til    m>-inl>ranes).       Some   of 
them,    according    to   tln-ir    origin,    are    to   b-    ivferr,  d    to* 
4-mhrvMiic    area    of    the    germ- 
LayerS,  and  indeed   to    that    p;irt 
which  in   l-'i-he-  is  employ  d  for 
the  yolk  sac.     They  arise  from 
folds,   which   grow  around  the 
<  inbryo  while  it    is   still   small, 
and  furnish  a  double  envelope 
for  it. 

The  egg-  envelopes  (embryonic 
membram  s)  of  Reptiles  and 
Birds,  which  exhibit  almost 
identical  conditions,  and  the 
consideration  of  which  we  shall 
take  up  first,  are  more  simply 
con.-t it ut«  d  than  those  of  Mam- 
mals. In  the  case  of  the  form,  r 
there  are  associated  with  the 
yolk-sac,  in  the  possession  of 
which  they  agree  with  the 
Amphibia  and  r"i>lu-.  three 
additional  <  mbryonic  app  n- 
dage>.  the  mitiiion,  the  mem- 
1>rnmt  serosa  (»  r  briefly  *'>rosa), 
and  the  alluntoix.  They  are 
[.artly  laid  down  at  an  early 
d.  at  the  time  when  the 
embryonic  body  is  converted 

into  tulu-s  by  the  infolding  of  the  germ-layers  and  is  thereby  con- 
stricted oil' fiorn  the  yolk-sac. 

The  Chick  shall  again  serve  a>  a  ba>is  for  our  description. 


Fig.  124.— Surface-view  of  the  pellucid  area  of 
a  blastoderm  of  a  Chick  of  18  hours,  after 
15  \i  FOUR. 

In  front  of  the  primitive  groove,  pr,  lies  the 
medullary  furrow  surrounded  by  the  medullary 
folda.  Immediately  in  front  of  these  one  see* 
a  curved  line,  the  head-fold,  and  in  front  of 
it  a  second  curvod  line  runuini; 
with  it,  the  anterior  f»M  of  the  amnion. 


1.  The  Amnion,  the  Serosa,  and  the  Yolk-Sac. 

The  amiivon  is  a  structure  tin-  aj>i>raranc«-  of  which  i>  recognisable 
remarkably  early  in  the  Chick.  At  the  time  \\hen  one  recognises 
the  semicircular  bead-fold  at  the  ant«  rior  end  of  the  incipient  rinbrvo 
(tig.  1:M).  by  the  growth  of  which  the  he;»<l  of  the  rinhryo  iv  marked 
oil',  there  is  already  pieM-nt,  at  a  short  distance  from  it.  a  .>econd  fold 
running  parallel  to  it.  This  is  the  ant-  of  the  amni 
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product  of  the  extra-embryonic  part  of   the   ectoderm  and  of  the 
parietal  mesoderm  united  with  it. 

The  two  infoldings,  which  lie  near  to  each  other,  have  opposite 
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Fig.   125. -Diagrammatic  longitudinal  section  through  the  axis  of  an    embryo  Bird,   after 

BALFOUR. 
The  section  represents  the  condition  when  the  head-fold  is  already  formed,  but  the  tail-fold  is 

still  wanting. 
F.So,  Head-fold  of  the  sonaatopleure ;  F.Sp,  head-fold  of  the  splanchnopleure,  forming  at  Sp 

the  floor  of  the  anterior  part  of  the  intestine.    For  the  remaining  references  see  fig.  122, 

p.  201. 

directions  (fig.  125).  While  the  head-fold  (F.So)  advances  with  its 
margin  toward  the  yolk,  the  anterior  fold  of  the  amnion  (Am),  sepa- 
rated from  it  by  the  marginal  groove,  rises  externally  above  the 
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Fig.  126.— Diagrammatic  longitudinal  section  through  the  posterior  end  of  an  embryo  Chick  at 

the  time  of  the  formation  of  the  allantois,  after  BALFOUR. 
ep,  me,  hy,  Outer,  middle,  and  inner  germ-layers  ;  eh,  chorda  ;  Sp.c,  neural  tube  ;  n.e,  ncurenteric 

canal ;  p.a.g,  post-anal  gut ;  pr,  remains  of  the  primitive  streak  folded  toward  the  ventral 

side ;  al,  allantois ;  an,  point  where  the  anus  will  be  formed ;   p.c,  peri  viscera]   cavity ; 

am,  amnion  ;  to,  tomatopleure ;  */>,  splanchnopleure. 


plane  of  the  blastoderm.  At  the  time  when  the  head  is  being  formed, 
the  amnion  enlarges  rather  rapidly  (Plate  I.,  fig.  1  1  "(/;,  and  grows  over 
and  around  the  head  in  a  cap-like  fold,  the  rim  of  which  is  directed 
backwards.  At  the  end  of  the  second  day  of  incubation  it  already 
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cover.-  tin-  unit  rii.r  part  of  tin-  In  ad  like  a  thin  traii-Man-m   veil,  .-.ml 

is  therefore  Calli  d   tilt'  cephalic   ^heatll. 

In  like  manner,  hut  at   a   somewhat  later  stage,  there  arise  at  the 

tail  •MM!  ami  at  both  sides  of  the  emhryo  the  post «/•/,//•  and   lateral 

v  of  the  amnion.    The  posterior  foldiR  still  v«-ry  iiu-onsiticuouseven 


at  tl:o   tin).-    \\lirii    tho  head   is    covered    with   the   veil-like 

(Plate    1.,  tig.  11  hnj).       It  tMdar^es  slowly,  and   under   the   name  of 

caudal  slu-ath  ooven  «>ver  the  posterior  end  of  the  body  (fig.  126  < 

The  lateral fol<f.« i>/  th>>  nmnion  are  elevated  externally  to  the  lateral 
marginal  grooves  (tig.  127  out},  and  project  in  the  opposite  direction 
from  those  lateral  folds  by  the  bending  in  of  which  the  lateral  and 
ventral  walls  of  the  embryo  are  produced.  Jly  thifl  means  the  rim 

14 
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of  the  fold  is  carried  farther  and  farther  from  the  sj  itinchnopleure 
{sp),  which  remains  spread  out  flat  over  the  yolk.  In  this  way  the 
extra-embryonic  part  of  the  body-cavity,  or  the  cavity  of  the  blasto- 
derm (KOLLIKER),  increases  in  extent  in  the  vicinity  of  the  embryo. 
When  the  lateral  folds  of  the  amnion  have  grown  up  to  the  dorsal 
surface  of  the  embryo  (Plate  I.,  fig.  9  saf),  they  begin,  by  the  bending 
over  of  their  edges  medianwards,  to  form  the  so-called  lateral 
sheaths. 

Inasmuch  as  the  folds  of  the  amnion,  which  are  called  by  special 
names,  become,  when  they  are  in  full  development,  continuous,  and  are 
only  parts  of  a  single  ring  like  fold,  the  embryo  eventually  becomes 
surrounded  on  all  sides  as  though  by  a  high  wall.  With  further 
enlargement,  the  amniotic  sheaths  then  bend  together  over  the  back 
of  the  embryo  from  in  front  and  behind,  and  from  the  right  and 
the  left  (Plate  I.,  figs.  2,  3,  and  10,  or/,  vaf,  haf),  come  together 
with  their  edges  in  the  median  plane,  and  then  fuse  with  each  other 
along  a  line,  the  amniotic  suture,  which  closes  from  in  front  back- 
wards (Plate  I.,  fig.  10),  except  that  at  one  very  small  place  near 
the  tail-end  the  closing  is  interrupted  for  a  considerable  time,  and 
a  small  opening  is  preserved. 

The  fusion  of  the  amniotic  folds  takes  place  in  the  same  manner 
as  the  fusion  of  the.  medullary  folds  described  on  page  79.  Each 
fold  (Plate  I.,  figs.  3  and  10)  consists  of  two  layers,  an  inner  and  an 
outer  one,  which  are  continuous  at  the  margins  of  the  folds,  and  are 
separated  by  a  fissure,  which  is  a  portion  of  the  extra-embryonic 
body-cavity.  At  the  amniotic  suture  the  corresponding  layers  of 
the  folds  of  both  sides  fuse,  and  hand. in  hand  with  this  a  separa- 
tion of  the  inner  from  the  outer  layers  takes  place  (Plate  I.,  fig.  4). 
As  a  result  of  this  there  have  now  arisen  two  envelopes  over  the 
back  of  the  embryo,  an  inner  and  an  outer  one,  the  amnion  (A)  and 
the  serosa  (.V). 

The  amnion  is  the  product  of  the  inner  layer  of  the  folds  (Plate  L, 
fig.  10  ifb).  It  forms  a  sac  which  immediately  .after  its  origin  is 
closely  applied  about  the  embryo,  and  which  encloses  a  very  small 
amniotic  cavity  filled  with  fluid. 

The  serous  membrane  (serosa),  which  is  derived  from  the  outer 
layer  of  the  folds  (q/6,  Plate  I.,  fig.  10),  lies  as  a  very  delicate  trans- 
parent membrane  closely  applied  to  the  amnion,  and  thuf  encloses 
the  embryo  in  still  another  envelope. 

If  we  now  glance  back  at  the  conditions  described  in  the  previous 
chapter,  and  compare  the  development  of  Fishes  with  that  of  Reptiles 
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and  JJiids.  it  i>  to  be  8660  t  hat  a  eon.Mderal.Io  complic  ii  ion  ha-  ft] 
in  the  case  of  tlie  latter.     Whereas  in    Ki-ln-s  die  extra-em  1>;\.. nil- 
area  of  tin-  M.matopleure  becomes  excln>i\.  1\  tin-  deimal  yolk-M 
Keptiles  and   l!ird>   t  \\  o  sacs  have  arisen  out   of  it    l.v  a   process  of 
folding.      The  influences  producing  this  folding  •  be  clear. 

Since  the  egg  is  enclosed  in  liriuly  applied  rim -lopes,  the  embryonic 
liody.  when  it   i>  formal  by  tin-  folding  together  of  the  germ  1: 
cannot  rise  from  the  yolk-sac  ;  it  therefore  comes  to  lie  in  a  dcj 
MOII  of  the  latter.     There  is  the  more  reason  for  tin-  «e  of 

this  because  the  embryo  at  the  beginning  of  development    i-  • 
Mvely  Miiall  in  comparison  with  the  yolk,  and  herau>e  the  yolk  1, 
immediately  underlying   it  become  liquefied  and  absorbed.       With 
the  sinking  of  the  body  into  the  yolk  (Plate  I.,  figs.  2  and  3),  the 
parts  which  in  Fishes  become  the  simple  dermal  yolk  o  I., 

''»  and  7)  fold  in  around  it  on  all  sides  as  amniotic  fold-,  and 
enclo.M-  it  the  more  completely  the  deeper  it  >ink>  into  the  yolk 

The  preceding  account  of  the  development  of  the  araniou  is  u. 
\\luit  schematic  in  a  Miiirle  pnint.     'J'hat  is  to  say,  the  antrrior  fold  of  the 
aniniun   is  developed  so  early,  that  the  middle  germ-lay.  :    yet  been 

ai>l»>  to  spread  out  as  far  as  the  anterior  part  of  the  embi  :      The  in- 

folding, therefore,  in  this  region  involves  only  the  outer  and  inner  germ-layers, 
\\hic':i    are   still   rlo-dy   united.     This  condition    h   changed   sonif.viiat 
when  the  middle  germ-layer  has  grown  into  the  region  of  the  anterior  fold  of 
t-lie  amnion,  an«l  has  there  split  into  a  visceral  and  a  parietal  layer.      1 
has  not  yet  been  followed  out  in  detail  in  series  of  longitudina  15ut 

e\ent-j  we  must  assume  that  the  entoblast,  which  is  m.ittil  with  the 
-al   mi<l<lle  layei-.   retracts   from   the  anterior  fold  of    the    amnion    ami 
spreads  out  ilat,  as  is  represented  in  diagrammatic  figure  11  (Plata  Ij.   In 
this  manner  the  anterior  amniotic  fold,  which  in  the  meantime  lias  become 
I,  now  consists  of  the  outer  germ-layer  and  the  parietal  middle 
layer.  a>  i>  the  case  from  the  beginning  with  the  subsequently  arising  posterior 
and  lateral  fold>  of  the  amnion. 

\\  «•  no\\-   have  to  ent<-r  still   more   particularly   upon   the   further 
relations  of  amnion  and  serO8&. 

Up  to  the  end  of  embryonic  development  th»»  ttmij  Bmainfl 

ill  continuity  with  a  small  region  on  the  ventral  >ide  of  the  ein' 
which    i>    called    the    dermal    umbilicu>.      In    figs.   3,  4,   5,  and    10 
(Hate    I.)   this   plaee   is   indicated    by    mean-   of   a   aroolai  '. 
Here  the  piimitive  la\er>  of  the  body-wall  are  continuous  with  the 
Corresponding  layers  of  the  amnion.  as.  for  instance,  the  epidermis  of 
the  body  with  an  epithelial    layer   lining  the  amniotic  cavity, 
dermal  umbilicus  of    Reptiles  and    Uirds  corresponds  therefore  with 
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the  structure  of  the  same  name  in  embryo  Fishes  (Plate  I.,  fig.  7  hn), 
for  it  is  at  this  point  that  the  dermal  yolk-sac  is  continuous  by  means 
of  its  stem-like  elongation  with  the  walls  of  the  belly.  As  in  the 
Fishes,  it  surrounds  an  opening  (Plate  I.,  figs.  7  and  5  hn)  which  unites 
the  portion  of  the  body-cavity  lying  within  the  embryo  (lk])  with 
the  extra-embryonic  part  lying  between  the  embryonic  membranes 
(/A2).  Furthermore,  the  stalk  of  the  yolk-sac  or  vitelline  ductr 
which  is  continuous  with  the  embryonic  intestine,  and  which  is- 
indicated  in  the  above-mentioned  figures  of  Plate  I.  by  the  small 
circle  dn,  passes  through  the  opening. 

The  amniotic  sac  affords  an  additional  special  advantage  to  the 
embryos  of  Eeptiles  and  Birds  in  that  an  albuminous  saline  fluid,  the 
liquor  amnii,  collects  in  its  cavity.  In  it  the  delicate,  easily  injured 
embryo  composed  of  plastic  cells  floats,  as  it  were,  and  is  able  to- 
move. 

The  amniotic  sac  is  small  at  the  beginning  of  its  development,  but 
enlarges  with  each  day  of  incubation,  since  it  keeps  pace  with  the 
growth  of  the  embryo  and  encloses  a  larger  and  larger  amount  of 
amniotic  fluid. 

At  the  same  time  its  wall  becomes  contractile.  Certain  cells  in  its 
somatic  mesoderm  develop  into  contractile  fibres,  which  in  the  Chick 
give  rise  to  rhythmic  movements  from  the  fifth  day  of  incubation 
onward.  One  can  observe  these  while  the  egg-shell  remains  intact,, 
if  one  holds  the  egg  toward  a  source  of  bright  light,  and  for  this 
purpose  makes  use  of  the  ooscope  constructed  by  PREYER.  In  this 
manner  it  can  be  determined  that  the  amnion  executes  about  ten 
contractions  in  a  minute,  which,  beginning  at  one  pole,  proceed  to- 
the  opposite  end,  like  the  contractions  of  a  worm.  Thus  the  amniotic 
fluid  is  set  in  motion,  and  the  embryo  oscillates  or  rocks  regularly 
from  one  end  to  the  other.  The  rocking  of  the  embryo,  as  PREYER 
expresses  it,  becomes  more  and  more  obvious  in  the  later  days 
of  incubation,  since  the  contractions  of  the  amnion  become  more 
energetic. 

The  serosa  (S)  is  a  wholly  transparent,  easily  ruptured  membrane,, 
which  is  closely  applied  to  the  vitelline  membrane.  It  consists  of  two 
thin  cell-layers,  which  take  their  origin  from  the  outer  germ-layer 
and  the  parietal  middle  layer,  and  like  them  are  distinguished  by- 
blue  and  red  lines  in  the  diagram.  The  serous  membrane  is  origin- 
ally present  as  a  separate  structure  only  in  the  region  of  the  amnion 
and  of  the  embryo  (Plate  I.,  fig.  4),  as  far  as  the  body-cavity  is  formed 
in  the  middle  germ-layer.  It  then  enlarges  to  the  same  extent  as  the 


face  p.  213 


PLATE     I. 


StHja  5onnens£hcin  &  Co.LM 


Tin-    in  I'M.    MI-:MI:I:  UHK    01     UQ  -1  •'* 

yolk   In  conn  >   ov. Thrown   and    as   the    vascular    area    i-\trinU   farther 
downuanK.       I'ai-i'Mal    a  in  I   \  !><••  ra  1    middle  l;i\  i  :ite  more   a  lid 

in<»re  fivin  i  ach  other,  until  1'mally  (in  tin-  Chirk  toward  the  end  of 
incubation)  a  SI-JIM  ration  n  suits  over  the  entire  periphery  of  the  yolk- 
sphere.  Kiirs.  '.'i,  -1,  and  ."».  Plat.-  I..  .-how  gtaget  in  this  pfO06tt.  In 
tin-  last  figure,  which  repn  s.-nts  the  condition  on  ahont  t  he  >evenf  h 
3my  of  incubation,  the  extra -embryonic  part  of  the  body  ca\  ity  has 
already  become  very  considerable ;  the  M-PMIS  envelope  i-,  with  the 
ption  of  a  small  place  at  the  vegetative  pole  of  the  yolk,  every- 
where formed  as  a  separate  structure. 

In   connection    with    this   the   \\all   of  the  yolk-sac   also   becomes 
changed.      Win  reas  at  the  beginning  of  the  overgrowth  it  embraces 
for  a  considerable  distance  all  the  p-rin -lavers.  after  the  srjiai 
of  the  serosa  it  is  composed  exclusively  of  entoderin  and  the  vi 
middle  lav«-r. 


EXPLANATION  OF  THE  FIGURES  ON  PLATK   I. 

Figs.  1-."  arc  diagrammatic  representations  of  cross  and  longitudinal  sections 
through  the  Hen's  egg  at  different  stages  of  incubation.     They  are  intm 
illustrate  how  the  body  of  the  Chick  is  developed  out  of  the  embryonic  funda- 
ment, and  how  the  yolk-sac,  the  amnion,  the  serosa,  and  the  allantois  arise  out 
of  tin-  extra-embryonic  area  of  the  germ-la;. 

For  the  sake  of  clearness  the  embryonic  fundament,  and  later  the  embryo, 
are  represented  much  too  large  in  relation  to  the  yolk. 

In  order  more  easily  to  distinguish  the  different  parts  from  one  another 
different  colors  have  been  selected  for  them.  The  yolk  is  represented  in 
yellow,  the  entoderm  green,  the  outer  germ-layer  blue,  and  the  middle  germ- 
layer,  together  with  the  mesenchyme,  red.  The  black  dots  indicate  the  limit 
to  which  the  outer  and  inner  germ-layers  have  grown  over  the  yolk  in  the 
cnt  stages;  the  red  dots  mark  the  boundary  for  the  time  being  of  the 
middle  germ-layer,  which  after  the  development  of  the  blood-vessels  ends  in 
the  sinus  terminals. 

The  references  apphj  to  all  ofthetl,; 

<tk,  Outer  germ-layer  (blue).  i    dp,  Vit.-lliiu-  duct. 

'    In ll.-iry  ridges  or  folds.  «/,  Al];ui' 
.V.   N.  ur.il  tube.  r.'-tinnl  sac. 

miotio  t"..lil. 
vuf,  haf,  tof,  Anterior,  posterior,  and  lateral         ink-,  M  •< >ter  (red). 

ninniotiu  folds.  i  it"  the  same  01 

A,  Amni..n.  inul.ll.-  1.^ 


S,  Serous  membrane  (Seroea). 

iinal  umbilicus. 
tf,  Lateral  folds.    */',  tf,  H.-ad-f.-M  :  nib,  ifb, 

outer  and  inner  limbs  of  fold. 
ik,  Inner  germ-layer  (green). 
vr,  Its  margin  of  overgrowth, 
tfr,   Intestinal  groove. 


mk*,  Visceral  lamella  of  the  aan 

luul.llc  1  i 
It,  Lateral  limit  of  the  same,  sinus  t«-i  i 

nmrginal  vein. 

Dorsal  and  ventia! 
Ik,  Body-cavity.     lh\  Embryonic,  Ik*,    extra- 

enibry..iii.-  pait  of  tin-  .-ame. 
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Fig.  1.—  Cross  section  through  a  Hen's  egg  on  the  second  day  of  incubation.. 

The  germ-layers  are  spread  out  flat  over  the  yolk ;  the  middle  one  is  less 
extensive  than  the  other  two.  The  first  blood-vessels  have  developed,  and 
terminate  with  the  marginal  vein  (st)  at  the  edge  of  the  middle  germ-layer. 
One  now  distinguishes  therefore  the  vascular  area,  which  extends  to  the  red 
dotted  line  (*£),  and  external  to  it  the  yolk-area  (dk),  which  terminates  with 
the  black  dotted  line  (ur),  the  edge  of  overgrowth  of  the  outer  and  inner 
germ-layers. 


Fig.  2. —  Cross  section  through  a  Hen's  egg  on  the  third  day  of  incubation. 

The  outer  and  inner  germ-layers  are  spread  out  over  half  of  the  yolk. 
The  yolk-area  (dh)  terminates  with  the  black  dotted  line  (wr),  the  edge  of 
overgrowth. 

The  middle  germ-layer,  with  the  vascular  area,  which  is  now  well  developed, 
has  also  grown  over  the  yolk  as  far  as  the  line  st  (the  sinus  tenninalis).  In 
the  middle  germ-layer  the  body-cavity  has  become  distinct  in  the  embryonic 
region  (W)  and  in  its  immediate  vicinity  (7/t2),  the  parietal  (mk1)  and  visceral 
middle  layers  (mli1)  having  separated  from  each  other. 

The  embryonic  fundament  begins  to  be  constricted  off  from  the  extra- 
embryonic  part  by  a  process  of  folding  and  to  constitute  the  trunk.  The  lateral 
folds  (sf)  have  grown  downwards  for  a  certain  distance,  thus  giving  rise  to 
the  lateral  walls  of  the  trunk,  whereas  ventrally  the  body  is  still  open.  Corre- 
sponding to  these  lateral  folds  («/),  the  lateral  intestinal  folds  (df)  have 
arisen  on  the  splanchnopleure,  and  bound  the  intestinal  groove  (dr). 

The  embryo  in  process  of  being  constricted  off  has  sunk  into  a  depression  of 
the  more  and  more  liquefied  yolk,  and  becomes  partly  enveloped  by  the  somato- 
pleure  of  the  extra-embryonic  area  of  the  germ-layers,  the  lateral  folds  of 
the  amnion  (af)  having  already  encircled  the  sides  of  the  embryonic  body. 


Fig.  3  shows  a  longitudinal  section  through  the  stage  represented  in  cross 
section  in  fig.  2.     (Third  day  of  incubation.') 

The  head-end  of  the  body  is  entirely  constricted  off  from  the  blastoderm. 
It  encloses  the  cephalic  portion  of  the  intestine  (Kopfdarmhohle).  The  tail- 
end  is  only  slightly  differentiated.  The  anterior  fold  of  the  amnion  (vaf)  has 
invested  the  head,  the  posterior  fold  (//<?/)  the  tail  (cephalic  sheath,  caudal 
sheath). 

The  middle  of  the  trunk  is  still  wide  open  ventrally.  The  place  where 
the  body-wall  passes  over  into  the  folds  of  the  amnion,  and  which  is  indicated 
in  the  diagram  by  the  ring  hn,  is  called  the  dermal  umbilicus. 

The  splanchnopleure  has  become  closed  into  a  tube  anteriorly  and  pos- 
teriorly (the  cephalic  and  pelvic  portions  of  the  intestinal  cavity) ;  in  the 
middle  the  tube  is  still  open  ventrally,  and  by  means  of  the  vitelline  duct  (dg) 
is  continuous  with  the  yolk-sac  (d»).  The  place  of  transition  indicated  by 
the  ring  dn  is  the  intestinal  umbilicus.  The  allantois  (al)  grows  out  as  a  small 
vesicle  from  the  ventral  wall  of  the  pelvic  portion  of  the  intestinal  cavity  into 
the  body-cavity  of  the  embryo. 
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Fig.  4.— Liinyitudinal  section  tlinnnjh  a   ll<  ,,'s  ,-,/,/  at  tin-  h<,j'<nn\n<j  of  t  ht 

After  tin-  fii-ioii  nf  tin-  amnii.:  U  \\ilh  the  ami 

ca\it\  (aA),  is  enveloped  in  the  amniotic  sao,   Tin-  serous  mem!.].  l>een 

develoj  ed  from  the  outer  layer  of  the  amniotic  folds.  r,\  further  >rj.aration 
of  tin-  iniilillt-  Lfenr.-layers  the  extra-embryonic  ]  art  «f  the  body-cavit  y  (///-') 
has  enlarged,  ami  tlie  allantois  \al  \  has  Lrn>\\n  into  it. 

With  tlie  exception  of  a  thinl  «>f  it.-  Mirface.  the  yolk  lias   become  overgrown 
by  th,-  miter  an.  1   inner  irerm-layer-.  as   t.  line  tW,     The  va>cul:.r 

has  «  xtended  to  the  line  st.     The  cephalic  portion  <>:  v  has 

unniotic  cavity  by  means  of  tin-  ~<-n  mouth  (m). 


~>.  --  Loni/it  tnllinil  sect  'nut  throi/t//t  n   llrii'x  t'tit/  mi  thf  xt'i'cntli  iltuj  of 


By  the  enlargement  of  the  extra-embryonic.  1>  niy-eavity  the  serous  membrane 
(serosa^  has  entirely  sejiarated  from  the  \olk-snc,  with  the  exception  of  a  small 
ana.  1  he  oilier  and  the  inner  germ-layers  have  now  grown  over  the  yolk  on  all 
:  the  middle  germ-layer  with  the  vascular  area  has  extended  fa  r.  her 
downwards.  The  amniotic  cavity,  in  which  the  embryo  floats,  has  become 
much  extended  by  the  increase  of  the  amniotic  fluid.  The  allantois  has 
enlarged  considerably,  and  forms  a  sac,  which  connects  with  the  hind  irut 
by  means  of  a  narrow  stalk  (urachus).  The  sac  extends  out  into  the  extra- 
embryonic  body-cavity  between  amnion,  yolk-sac,  and  serous  membrane,  more 
particularly  on  the  right  side  of  the  embryo. 


Fiir.  t>  rrjnrxi'itts  a  iliti</r<i>n>n<itic  cruns  st'ctiot  through  an  embryo 

The  dorsal  part  is  already  far  advanced  in  development  and  encloses  the 
neural  tube  (JV),  the  chorda  (cA),  the  aorta  (ao),  and  the  primitive  segments. 
The  ventral  side  is  greatly  distended  by  the  considerable  yolk-mass  (rf).  The 
latter  lies  in  an  enlargement  of  the  intestinal  canal,  the  intestinal  yolk 
this  is  separated  from  the  enlarged  dermal  yolk-sac  by  means  of  a  narrow 
fissure,  the  body-cavity  (Ik). 


7. —  I)i<iijrninm(i1ic  lonr/itiuliiutl  st -rt'ton  through  <•    *•  n  embryo. 

The  yolk-sac  has  been  partly  constricted  off  from  the  body  of  the  emoryo ; 

it  still  remains  united  to  its  ventral  side,  but  only  by  nn-ansof  a  narrow  >ta' 
which  consists  of  two  tubes,  one  within  the  other,  the  intestinal  >talk  (vitelline 
duct)  and  the  dermal  stalk.  The  yolk-sac  communicates  with  the  embryonic 
intestinal  canal  by  means  of  the  vitcllinc  duct.  Tlie  point  of  transition  is 
called  the  intestinal  umbilicus  (dii).  The  point  of  attachment  of  the  dermal 
stalk  to  the  belly  of  the  embryo  is  the  dermal  umbilicus  (fin).  The  space 
between  dermal  and  intestinal  umbilicus  (hn  and  <i  to  put  the  body 

cavity  of  the  embryo  (Ik1)  in  communication  with  the  body-space  (//r)  between 
the  dermal  and  intestinal  yolk-sacs. 
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Figs.  8,  9,  10,  11  .—Diagrammatic  cross  and  longitudinal  sections  through 
embryo  Cliicks  of  different  ages. 

Fig.  S.—ffalf  of  a  cross  section  through  an  embryo  Chick  oj  two  days,  after 

KOLLIKEB. 

The  embryonic  body,  in  which  the  neural  tube  (JV)»  chorda  (c/0,  primitive 
segment  with  its  cavity  (wA),  primitive  aorta  (00),  and  the  fundament  of  the 
primitive  kidney  (uri)  are  to  be  seen,  is  marked  off  from  the  extra-embryonic 
region  of  the  germ-layers  by  the  marginal  groove  (gr).  The  body-wall  begins 
to  be  developed,  owing  to  the  somatopl  cure  having  given  rise  to  the  Lateral  fold 
{jjO,  the  ridge  of  which  is  directed  toward  the  yolk.  External  to  it  the  lateral 
fold  of  the  amnion  (saf)  rises  in  an  opposite  direction. 

Fig.  9. —  Cross  section  of  an  embryo  Chick  at  the  beginning  of  the  third  day, 

after  KOLLIKEII. 

The  lateral  folds  (.<?/)  have  grown  farther  downward,  and  have  completed  the 
body-wall.  The  lateral  folds  of  the  amnion  (saf)  likewise  have  risen  up  farther 
toward  the  back  of  the  embryo.  The  splanchnopleure  has  folded  in  to 
form  the  groove  dr.  The  dotted  line  hn  indicates  the  still  broad  dermal 
umbilicus,  the  line  dn  that  of  the  intestinal  umbilicus. 


Fig.  10. — Cross  section  through  the  trunk  of  a  Jive-days  embryo  Chick  in  the 
region  of  the  umbilicus,  after  REMAK. 

By  an  approximation  of  the  lateral  folds,  the  body-wall  has  been  completely 
formed  up  to  the  region  enclosed  by  the  line  hn,  in  which  the  body-cavity  still 
possesses  an  opening,  and  communicates  with  the  extra-embryonic  portion  of 
the  body-cavity.  At  the  line  7tn,  the  dermal  umbilicus,  the  body-wall  bends 
over  into  the  folds  of  the  amnion  («/"),  which  have  grown  over  the  back  of  the 
embryo,  and  are  about  to  fuse  along  their  edges.  At  the  dermal  umbilicus 
(dn}  the  intestinal  tube  (d)  passes  over  into  the  yolk-sac,  which  is  not 
represented. 

Fig.  11. — Diagrammatic  longitudinal  section  through  an  embryo  Chick. 

The  head  is  already  fully  differentiated  from  the  blastoderm  by  the  process 
of  folding,  the  tail-portion  is  less  completely  separated ;  the  former  encloses 
the  cephalic  portion  of  the  intestinal  cavity  (kd),  which  is  in  connection  with 
the  yolk-sac  by  means  of  the  anterior  intestinal  portal  (v.dj>f).  The  pelvic 
portion  of  the  intestinal  cavity,  which  shows  the  first  traces  of  the  allantois 
(al),  communicates  backwards  and  above  with  the  neural  tube  by  means  of  the 
neurenteric  canal  (en),  and  toward  the  yolk-sac  by  means  of  the  posterior 
intr.-tinal  portal  (li.dpf).  The  head-end  is  aln*a«ly  partly  t-nslu-atlidl  by  the 
anterior  amniotic  fold  (ta/),  whereas  at  the  tail-i-ml  the  posterior  amniotic  fold 
(haf)  is  just  beginning  to  be  elevated. 
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2.  The  AUantois. 


21 


\Vhilethe  development   of  the  amnion  i>  still  going  on,  th. 
formed  in  Reptiles  and  l.Unl>  an  eml.ryonie  organ  of  no  !«•>•*  imp -ct 
Mice,    tin-   itlhuittn*.   or    urinary    sac.       It    lias  t  \vo  ditl'erent  functions 
to  pnt..nn  at  the  same  time.     In  the  first  place  it  serves,  as  it- 
name  implies,  for  the  reception  of  the  excretory  products  which  are 
furnished  dunni;  embryonic  life  by  the  kidney  and  primitive  kidney; 
and  secondly,  by   virtue  of   tin-  ah;n  •'    blo;>d-ve^sels  and  the 


fig.  128.-  Diagrammatic  longitudinal  section  through  the  posterior  end  of  an  embryo  Chick  at 
the  time  of  the  formation  of  the  allantois,  after  BALFOUR. 

The  section  shows  that  the  neural  tube,  Sp.c,  is  continuous  at  its  posterior  end  with  the  hind 
gut,  p.a.g,  by  means  of  the  neurenteric  canal,  n.t.  The  latter  passes  through  the  remains  of 
the  primitive  streak,  pr,  which  is  folded  over  toward  the  ventral  side,  ep,  Outer  germ-layer ; 
ch,  chorda  :  hy,  entoderm  (hypoblast) ;  al,  allantois  ;  me,  middle  germ-layer;  an,  the  point 
u  lii-re  the  anus  will  arise  ;  am,  amnion  ;  90,  somatopleure  ;  sp,  splanchnopleure. 

superficial  position  that  it  acquires,  it  is  the  most  important  organ  of 
respiration. 

The  allantois  takes  its  origin  from  the  posterior  portion  of  the 
hind  gut,  which  is  afterwards  designated  as  the  cloaca,  and  in  the 
(hick  the  first  traces  of  it  can  be  recognised  even  at  the  end  of 
the  second  day,  at  a  time  when  the  walls  of  the  hind  gut  are  still 
in  the  process  of  formation.  It  appears  in  this  instance  as  a  small 
caecal  evagination  (al)  on  the  anterior  wall  of  the  splanclmopleure 
(////)  (fig.  128;  Plate  I.,  fig.  3  al). 

The  rvaiiinaiinu  is  lined  by  the  entoderm,  and  is  covered  e.v 
nally  by  a  growth  of  the  splanchnic  mesoderm.  It  enlarges  rapidly 
into  a  vesicle,  which  irrows  out  into  the  Inxly-cavity  (Plate  I.,  fig.  4  al). 
At  the  same  time  the  blind  end  enlarges,  when-as  the  proximal  part, 
where  it  passes  over  into  the  hind  irtit.  1>.  comes  narrow  and  elongated 
into  a  hollow  stalk,  the  urinary  duct  or  urachus. 
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On  the  fourth  day  the  urinary  sac  is  so  enlarged  that  it  can 
no  longer  find  room  in  the  embryonic  part  of  the  body-cavity,  and 
therefore  forces  itself  into  the  extra-embryonic  portion  of  it  between 
the  intestinal  and  dermal  portions  of  the  umbilical  stalk  (Plate  I., 
fig.  5  a/).  Here  it  comes  into  the  space  between  the  yolk-sac  (ds)  and 
amnion  (A ) ;  then  it  comes  in  contact  with  the  inner  surface  of  the 
serosa  (S),  and  spreads  out  under  it  for  a  considerable  distance  over 
the  right  side  of  the  embryonic  body. 


In  regard  to  the  subsequent  fate  of  the  embryonic  membranes  in  the 
Chick,  it  is  to  be  noticed  that  up  to  the  middle  of  incubation,  i.e.,  up 
to  about  the  eleventh  day,  they  continue  to  develop  in  a  progressive 
direction,  but  that  from  this  time  onward  certain  regressive  processes 
commence,  which  later  become  more  and  more  apparent. 

In  the  first  period  (fifth  to  eleventh  day)  the' following  changes 
are  effected  in  the  yolk-sac,  the  amnion,  the  allantois,  etc.  The 
vascular  area  spreads  out,  in  the  manner  before  described,  over  a 
greater  area  in  the  wall  of  the  yolk-sac,  which  still  retains  a 
considerable  size.  On  the  seventh  day  it  covers  about  two-thirds 
(Plate  I.,  fig.  5),  and  on  the  tenth  three-fourths  of  the  yolk-sac.  At 
the  same  time  the  marginal  vein  becomes  indistinct,  and  the  sharp 
separation  from  the  non-vascular  portion  ceases. 

The  contents  of  the  yolk-sac  have  become  fluid  by  chemical 
changes  of  the  yolk-mass.  The  serosa  (S)  is  raised  from  its  surface 
as  far  as  the  vascular  area  has  extended,  owing  to  the  enlargement 
of  the  extra-embryonic  body-cavity.  At  the  same  time  the  allantois 
(Plate  I.,  fig.  5  al)  has  grown  into  the  intermediate  space.  This  has 
enlarged  so  much  by  the  tenth  day  that  it  leaves  uncovered  only  a 
small  portion  of  the  yolk-sac  and  amnion.  It  has  lost  still  more 
of  its  sac-like  character ;  for  between  its  outer  layer,  which  almost 
everywhere  is  closely  applied  to  the  inner  surface  of  the  serosa,  and 
its  inner  layer,  adjoining  the  amnion  and  yolk-sac,  there  is  found  only 
an  insignificant  intermediate  space  filled  with  urine. 

The  allantois,  moreover,  has  by  this  time  become  a  very  v« 
organ  and  is  nourished  by  the  umbilical  vessels,  which  will  engage 
our  attention  in  a  subsequent  chapter  devoted  to  the  vascular  system. 
The  network  of  blood-vessels  is  densest  in  its  outer  layer,  which 
spreads  out  at  the  surface  of  the  egg  ;  it  serves  to  maintain  here  the 
processes  of  embryonic  respiration,  since  carbonic  acid  is  given  off  from 
the  superficially  circulating  blood  and  oxygen  is  taken  up.  The  latter 
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,|iiinMl   in    part  directly  through  the  CI:L:  >hell  and  in  part  on  1  of 
tin-  air  chamber  (fig.  8  <t.r/i]  >ituated  :tt  the  blunt  pole  of  the  . 
which  is  in  contact  with  a  large  part  of  tin-  allantois. 

Finally,  in  addition  to  respiration,  the  allantois  serves  for 
resorption  of  tin'  nllnnin-n.  which  becomes  more  and  more  thickened 
during  incul»ation,  and  compressed  into  a  lump  at  the  pointed  pole  ol 
the  egg.  It  grows  over  the  albumen  and  envelops  it  in  a  sac,  the  epi- 
thelial  surface,  of  which  arose  from  the  serosi,  which  was  evairinated 
at  the  same  time  with  the  growing  allantois.  There  are  developed  on 
the  inner  surface  of  the  sac  hiirhly  vascular  villi,  which  sink  into  the 
alhuiuen,  and  have  been  described  as  a  placenta  by  DUVAL,  who  has 
called  attention  to  these  conditions. 

'The  nir  clmniber  also  has  undergone  modifications  during  incuba- 
tion, and,  at  the  same  time  with  the  acquisition  of  air,  has  increased 
in  size  by  the  separation  of  the  two  layers  of  the  shell-membrane  in 
which  it  is  enclosed  (fig.  8,  p.  17). 

Finally,  the  amjtion,  which  at  the  beginning  of  its  development  is 
rather  closely  applied  to  the  embryo,  has  enlarged  and  become  a  sac 
(Plate  I.,  fig.  5  A)  entirely  filled  with  amniotic  fluid.  Its  rhythmical 
contractions  already  described  become  most  active  and  powerful  on 
the  eighth  day,  and  from  that  time  forward  to  the  end  of  incubation 
diminish  in  frequency  and  in  force. 

As  a  result  of  all  these  processes  of  growth,  the  embryo  with  its 
appendages  now  demands  a  much  larger  space  than  at  the  beginning: 
of  incubation.  It  acquires  this  in  the  following  manner.  The 
albumen  which  surrounds  the  yolk  diminishes  considerably,  since  it 
disappears,  especially  its  fluid  portion,  partly  by  evaporation  to  the 
exterior,  partly  also  by  resorption  on  the  part  of  the  embryo.  The 
vitelline  membrane  has  become  ruptured  by  the  enlargement. 

In  the  second  period,  which  we  have  reckoned  from  the  eleventh 
to  the  twenty-first  day,  or  to  the  hatching  of  the  Chick,  retrogressive 
metamorphoses  are  most  prominent. 

These  assert  themselves  first  of  all  on  the  yolk-sac.  As  the  result 
of  the  vigorous  sucking  up  of  its  contents  it  becomes  more  and  more 
flaccid,  so  that  its  wall  begins  to  lie  in  folds.  It  now  becomes 
entirely  separated  from  the  serosa,  since  the  extra-embryonic  body- 
cavity  has  extended  all  around  it,  and  thereupon  it  is  drawn  closer  to 
the  wall  of  the  belly  by  the  shortening  of  the  umbilical  stalk.  On 
the  nineteenth  day  of  incubation  it  begins  to  slip  into  the  peritoneal 
cavity  through  the  dermal  umbilicus,  which  has  now  become  very 
narrow,  whereby  it  takes  on  an  hour-glass  shape  during  its  passage 
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through  the  ventral  wall.  It  is  here  employed  to  help  in  the  closure 
of  the  intestinal  wall. 

The  amnion  undergoes  regression,  inasmuch  as  the  fluid  diminishes 
and  almost  entirely  disappears,  until  the  membrane  is  again  closely 
applied  to  the  body  of  the  embryo.  The  albumen,  too,  is  almost 
entirely  consumed.  The  allantois  alone  continues  to  increase,  and 
finally  grows  around  so  completely  on  the  entire  inner  surface  of  the 
serosa  that  its  edges  come  together  and  fuse  with  one  another  into 
a  sac  entirely  enclosing  the  embryo  and  the  amnion.  It  adheres  so 
firmly  to  the  serosa  that  a  separation  is  no  longer  possible. 

The  urine  likewise  diminishes  toward  the  end  of  incubation,  and 
finally,  like  the  amniotic  fluid,  has  entirely  disappeared.  As  the 
result  of  this,  there  are  found  in  the  allantois  precipitates  of  uric 
salts,  which  become  more  and  more  abundant. 

Amnion  and  allantois  finally  undergo  complete  retrogressive  meta- 
morphoses. Inasmuch  as  the  Chick,  shortly  before  hatching,  breaks 
through  the  surrounding  membranes  with  its  bill,  it  begins  to  take 
in  directly  the  air  contained  in  the  air  chamber,  which  has  become 
larger.  A  result  of  this  is  that  the  circulation  in  the  allantois 
is  retarded  and  finally  ceases  altogether.  The  afferent  umbilical 
vessels  disappear.  Amnion  and  allantois  die  away,  dry  up,  and  then 
separate  from  the  dermal  umbilicus,  which  closes  on  the  last  day 
before  hatching,  and  when  the  Chick  leaves  the  egg-shell  they  are 
stripped  off  with  it  as  useless  remains. 

SUMMARY. 

1.  In  Reptiles  and  Birds  the  embryo  during  its  development  sinks 
into  the  underlying  yolk,  which  has  become  liquefied,  and  becomes 
enveloped  by  folds  of  the  extra-embryonic  area  of  the  somatopleure, 
the  anterior,  posterior,  and  lateral  folds  of   the  amnion  (cephalic 
sheath,  caudal  sheath,  lateral  sheaths). 

2.  As  the  result  of  the  folding  processes  two  sacs  arise  around 
the  embryonic  body,  the  amnion  and  the  serous  membrane  (serosa). 

3.  The  amnion  is  united  at  the  dermal  umbilicus  with  the  belly 
of  the  embryo. 

4.  The  dermal  umbilicus  encloses  an  opening  through  which  the 
embryonic  and  extra-embryonic  portions  of  the  body-cavity  are  in 
connection. 

5.  The  stalk  of  the  yolk-sac  passes  through  the  dermal  umbilicus 
in  order  to  attach  itself  to  the  intestine  at  the  intestinal  umbilicus. 
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6.  The    allantois    i>    evaluated     fr.un     the    ventral     wall    of     tin- 
jiosierit.T  tract  of   the  hind  ijut  i  cloaca ),  L'I  !   pfduncul.t: .  -. : 

(  1  )  into  the  body-cavity,  and  rJ)  throuirh  the  drrmal  uiiil>ilim>  into 
the  extra  rmhryonic  part  of  the  same,  extends  out  from  here  on 
all  .-Mrs  between  the  aninion  and  mOSA,  and  liy  virtu--  of  its  ^n-at 
va-cularity  functions  as  an  oi^an  of  respiration. 

7.  At   the  end  of  embryonic  development   tin-  con-t.mtly  diminish- 
ing ydk  sac,  after  the  consumption  of  the  yolk,  >lips  through  the 
o| ten  dermal  umbilicus  into  the  body-cavity,  and  is  employed  in  the 
closure  of  the  intestinal  umbilicus. 

8.  Amnion,  serosa,    and   that   part  of    the    allantois  which    has 
i.rrown  out  beyond  the  embryonic  body,  are  cast  off  as  useless  struc- 
tures at  the  dermal  umbilicus,  which  becomes  closed. 


CHAPTER  XII. 
THE  FCETAL  MEMBRANES   OF  MAMMALS. 

IN  their  early  stages  of  development  the  fu-tal  im-mbi-aiios  of 
Mammals  present  an  extraordinary  correspondence  with  those  of 
Reptiles  and  Birds  (fig.  129).  We  find  a  yolk-sac  (UV)  with  abun- 
dant capillaries,  an  amnion  (a/;i),  a  serous  membrane  or  serosa  (sz), 
and  an  allantois  (ALC);  we  find  that,  in  the  same  way  as  before, 
the  embryo  is  developed  out  of  a  small  region  of  the  blast  ula.  and  is 
constricted  off  in  the  same  way  from  the  extra-embryonic  ami,  with 
which  it  remains  united  only  by  means  of  a  dermal  and  intestinal 
yolk-stalk. 

The  correspondence  becomes  a  striking  one  and  stimulates  to 
further  reflection,  when  we  take  into  consideration  that  the  develop- 
ment al  processes  enumerated  are  primarily  evoked  by  means  of  the 
accumulation  of  yolk-material  in  the  eggs  of  Reptiles  and  Birds,  and 
t  hat  the  eggs  of  most  Mammals  lack  almost  entirely  the  yolk,  are  of 
very  small  size,  undergo  total  segmentation,  and  in  all  these  IVM 
resemble  more  the  e^^  of  Amphiozos. 

Why,  then,  does  the  mammalian  germ  nevertheless  undergo 
m<  tarnorphoses  which  in  other  cases  are  only  the  result  of  the 
accumulation  of  yolk  ?  Why  is  there  developed  a  yolk-sac  that 
contains  no  yolk,  with  a  sy>tem  of  blood-vessels  tl.at  is  designed  for 
the  ivxjrptioii  of  yolk? 
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For  the  explanation  of  these  conditions  we  must  have  recourse 
to  an  hypothesis  which  can  be  formulated  about  as  follows : — 

The  Mammalia  must  have  descended  from  animals  which  possessed 
large  eggs  with  abundant  yolk,  which  ivere  oviparous,  and  in  which 
consequently  the  embryonic  membranes  were  developed  in  the  same  way 
as  in  Reptiles  and  Birds.  The  loss  of  the  yolk-contents  from  the  eggs 
of  these  animals  must  Jiave  been  a  supplementary  event,  which  began 
at  the  time  when  the  eggs  were  no  longer  deposited  outside,  but  were 


Fig  129.— Diagram  of  the  foetal  membranes  of  a  Mammal,  after  TURNER. 

fx;,  Zona  pellucida  with  villi  (prochorion) ;  sz,  eerous  membrane ;  S,  outer  germ-!ayer  of  the 
embryo  ;  am,  amnion  ;  AC,  anmiotic  cavity  ;  M,  middle  germ-.'ayer  of  the  embryo  ;  H,  inner 
germ-layer  of  the  same ;  UV,  yolk-sac  (vesica  unibi  ica'.is);  ALC,a.\\&nio\c,  cavity ;  al,  allantois. 


developed  in  the  uterus.  For  by  this  change  there  was  found  a 
and  more  productive,  because  unlimited,  source  of  nourishment  for  the 
developing  germ  in  substances  which  were  secreted  by  the  walls  of  the 
uterus  from  the  maternal  blood.  There  was  therefore  no  more  need  of 
a  dower  of  yolk.  But  the  enveloping  structures,  which  \\cn-  originally 
cilhd  into  existence  by  the  presence  of  yolk-contents  in  the  eggs, 
w«-iv  retained,  because  they  were  still  of  us»-  in  many  other  relation-, 
and  because,  through  a  change  of  function,  they  became  subservient 
to  uterine  nourishment  and  correspondingly  underwent  changes. 
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Three  tacts  can  be  cited  in  i'a \oiir  of   thi-  hypoth-- 

In  the  tir.-t  place,  in  the  low-  t'  Mammals,  as  in  the 

Monotivme-  ami  Mar-Mpials,  t  lit-  e^-  are  larger  than  in  placent:il 
animals.  They  are  characterised  by  a  large  quantity  of  yolk, 
which,  as  in  ( >rnit  horhynchu.-  for  in-tance,  i-  depo.-it  e  1  in  cl 

compacted  spheres  of  varying  size  and  fat-like  lu-tre.    In  tliis  par- 
ticular they  form  a  transition  to  the  eggs  of  Reptiles  and  liird-. 
Secondly,  it  has  been  observed  that   the   Monotremes,  the  lowest 

division  of  the  Mammalia,  are  oviparous,  like  I'.irds  an«l  lleptiles. 
Quite  recently  two  investigators,  HAACKE  and  CALDWKU..  liave  made 
the  interesting  discovery  that  Echidna  and  Omit  horhynchu-.  in-i  -,-id 
of  giving  birth  to  living  young,  as  was  hitherto  assumed,  lay  eggs 
w  hich  are  nearly  two  centimetres  in  diameter,  and  enveloped  in  a 
parchment-like  shell,  and  which  they  carry  about  with  them  in  their 
brood-pouch  or  mammary  pocket. 

Thirdly,  the  foetal  membranes  of  Marsupials,  which  next  to  the 
Monotremes  are  to  be  considered  as  the  lowest  Mammals,  remain 
permanently  in  a  condition  which  corresponds  to  that  of  Reptiles 
and  r>ird.-,  although  the  development  takes  place  in  the  uterus.  As 
we  know  through  OWEN,  the  embryo,  which  is  enclosed  in  a  capacious 
.•minion.  po.-esses  a  very  large  vascular  yolk-sac,  which  ext  mis  out  to 
the  aerosa,  ami  in  addition  a  small  allantois  ami  a  sen»a.  Tin-  1. 
lies  closely  applied  to  the  walls  of  the  uterus,  hut  without  being 
intimately  united  with  it.  Probably,  therefore,  after  resorption  of 
the  yolk,  substances  which  have  been  secreted  by  the  uterus  are 
taken  up  by  the  blood-capillaries  of  the  yolk-sac.  Thus  a  kind  of 
Ultra-uterine  nutrition  begins  to  be  cstahlished  in  th->  M:«rsupials: 
but  otherwise  the  embryo  with  its  envelope-  lie-  in  the  cavity  of  the 
uterus,  like  the  Avian  or  Reptilian  embryo  with  its  membrane-  in 
the  firm  egg-shell. 

Having  established  the  hypothesis,  already  rxpiv.--ed  by  vaiiou- 
authors,  that  the  eggs  of  Mammals  must  originally  have  contained 
more  yolk,  let  us  turn  to  a  more  exact  description  of  the  t'u-tal 
membranes.  As  regards  the  tir>t  stages  of  development,  let  us  begin 
with  the  I  la  hbit,  because  its  embryology  has  been  the  most  thoroughly 
-iiLfatrd;  then,  in  order  to  facilitate  our  understanding  of  the 
structure  of  the  human  placenta,  we  shall  show  in  a  brief  sketch  how7, 
in  the  cla»  of  .Mammalia,  in  variou-  uay>  more  intimate  anatomical 
and  physiological  relation-  are  developed  between  the  mucous  mem- 
brane of  the  uterus  ami  the  embryonic  membrane-.  \\V  -hall  treat 
of  the  fu-tal  membranes  of  Man  in  a  >pecial  chapter. 
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When,  in  the  Babbit,  the  ovum,  which  has  reached  the  uterus, 
has  here  become  metamorphosed  into  the  blastula  already  described, 
it  is  still  enveloped  by  the  zona  pellucida.  This  in  the  meanwhile 
has  been  distended  into  a  thin  pellicle  (prochorion),  which  is  subse- 
quently destroyed. 

The  blastula,  or  blastodermic  vesicle,  expands  rapidly,  and  from 
the  fifth  to  the  seventh  day  grows  from  1-5  mm.  to  5  mm.  in  diameter. 

In  consequence 
of  this  increase 
in  size  the  pro- 
chorion on  the 
seventh  and 
eighth  days  is 
so  closely  ap- 
plied to  the  in- 
ner surface  of 
the  uterus  that 
it  becomes  more 
and  more  di Hi- 
cult,  and  finally 
impossible,  to 
detach  the  eggs 
without  injury. 
For  by  the  rup- 
turing of  the 
prochorion, 
which  adheres 
to  the  walls  of 
the  uterus,  the 
delicate  bla>- 
tula,  which  is 
in  close  contact 

with  it,  generally  becomes  injured  and  torn  open,  and  thereupon 
collapses,  owing  to  the  escape  of  its  contents.  The  latter  have  also 
suffered  changes  which  make  the  investigation  more  difficult,  having 
increased  in  consistency  until  they  equal  in  density  the  albumen 
of  the  Hen's  egg. 

I  )uring  the  process  of  attaching  itself,  the  embryonic  fundament, 
which  at  first  is  round,  increases  in  size  and  takes  on  a  more  elon- 
gated form.  On  the  seventh  day  it  becomes  oval  (fig.  130  ag),  then 
pear-shaped,  and  on  the  eighth  day  acquires  a  more  and  more  marked 


Fig.  180.—  Embryonic  fundament  of  the  ovum  of  a  Rabbit  of  meven  days, 

from  KULLIKER. 
o.  Vascular  area  (area  opaca)  ;  ag,  embryonic  fundament ;  pr,  primitive 

streak  ;  rf,  dorsal  furrow. 
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sole-like   form;    meanwhile   it    gTOWl    to   ;i    length  :    3'5   mm. 

(li-.  131). 

As  baa  been  already  described  in  bfa  previous  chapter,  at  this 
time  the  middle  germ-layer  spreads  out  in  tin-  embryonic-  t'mulainent, 
the    medullary  groove    (ligs.    l.'Jn  and    131    ?/),   the   chorda,   and    a 
number  of  primitive  segments  are  forum  I, 
and,  on  the  eight  li  day,  the  first  trace  of 
the  vessels  and  blood  appears  in  tip 
riilar   a i-i -a  («<).      On   the   ninth   and   tenth 
days  the   embryonic   fundament  is  by  a 
pn>ces>  of  fob  ling  converted  into  the  body 
of  the  embryo,  and  is  constricted  off  from 
the  remaining   part  of  the  blastodermic 
\e-icle,  out   of   which   at  the  same  time 
various  f.etal  membranes  begin  to  be  de- 
veloped.    The  initial  stages  of  all 
processes  are  the  same  in  Mammals  as  in 
Birds  and  Eeptiles,  so  that  we  can  e.\ 
on i>elves  very  briefly  in  describing  them. 
\Ve  -hall  connect  the  description  with  the 
diagrammatic  drawings  which    KOLLIKER 
has  made,  ai.d  which   have   found   a    place 
in  many  text-books  (fig.  132,  1-5). 

Diagram  1  shows  a  blastodermic  vesicle 
which  in  the  Rabbit  would  correspond  to 
about  the  seventh  or  eighth  day.  It  is 
still  enclosed  from  without  by  the  very 
much  attenuated  vitelline  membrane  (d), 
which  is  now  also  called  prochorion. 
in  many  Mammals  flakes  and  slnv.U  of 
albumen  have  been  precipitated  on  its 
outer  surface  out  of  the  fluid  secreted  by 
the  mucous  membrane  of  the  uterus.  The 
inner  germ-layer  (i) — which  in  a  slightly 

younger  blastula,  such  as  is  represented  in  tigmv  iches  only 

to  the  line  ge,  and  still  leaves  uncovered  a  third  of  the  inner  surface 
of  the  sphere — has  now  entirely  grown  around  to  the  vegetati\e  j  ole. 
The  middle  germ-layer  ( //* )  is  in  full  process  of  development,  and 
embraces  about  a  fourth  part  of  the  surface  of  the  sphere.  A  small 
portion  of  this  three- layered  region  contain.-  the  embryonic  funda: 
which  would  be  in  about  that  stage  of  development  which  we  have 

15 


fig.  131. — Embryonic  fundair.fr  t 
of  a  Rabbit  of  nine  days  with 
a  portion  of  the  area  pellucida, 
fiviu  K'.'.i  i  D 

.-/;*. Are;ii-i  !l U'-ul.i  :rto,areaopaca ; 
h',  h",  //",  nirtlull.uy  plate  in 
•  •X\on  of  the  first,  second, 
ami  third  ceivbr.il  vou-les  ;  stz, 
stem-zone  (Stamrnxon-) 
I.HI  it  tal  zone ;  r/,  dorsal  f  r 
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Fig  132.— Five  diagrammatic  figures  illustrating  the  development  of  the  foetal  egg-membranet 

of  a  Mammal,  after  KOLLIKER. 
figures  1  to  4  the  embryo  is  represented  in  longitudinal  section. 

(1)  Ovum  with  zona  pellucida,  hlastula,  embryonic  area,  and  embryonic  fundament. 

(2)  Ovum  in  which  the  yolk-sac  and  the  amnion  are  beginning  to  develop. 

(3>  Ovum  in  which,  by  the  fusion  of  the  amniotic  fo'.ds,  the  amniotic  sac  and  the  serous  mem- 
brane are  formed,  and  the  allantois  makes  it«  appearance. 

(4)  Ovum  with  serous  membrane,  which  has  developed  villi,  with  a  large  allantois  and  an 
embryo,  in  which  the  oral  and  anal  openings  have  arisen. 

(5)  Diagrammatic  representation  of  a  young  human  ovum,  in  which  the  vascular  layer  of  the 

allantois  has  become  applied  to  the  serous  membrane  on  all  sides,  and  has  grown  into  iu 
villi.    The  serous  membrane  from  this  time  forward  takes  the  name  of  chorion.    The  cavity 
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before  us  in  the  surface  view  in  figure  130.  It  is  ovate,  ami  shows 
the  primitive  stivak  ( />r)  in  the  posterior  half,  and  in  front  of  it  a 
deep  dorsal  furrow  (rj) ;  the  extra-embryonic  {cut  of  the  middle 
irerni  layer  can  be  designated  as  tin-  vascular  area  (<-).  since  tin-  lii>' 
traces  of  the  formation  of  the  vessels  ami  the  Mood  are  noticeable 
in  it. 

In  tin-  much  further  developed  embryo  figured  in  diagram  2  (at 
about  the  ninth  day  in  the  Rabbit)  the  middle  germ-layer  has  spread 
out  over  about  the  third  part  of  the  blastula,  and  now  encloses  an 
ea-ily  distinguishable  body-cavity,  since  the  parietal  and  visceral 
middle  layers  have  separated  from  each  other  in  the  embryonic 
as  well  as  extra-embryonic  regions.  It  extends  as  far  as  the  place 
marked  st,  where  the  sinus  terminalis  is  found  as  the  outer  limit  of 
the  now  clearly  defined  vascular  area. 

The  embryonic  fundament  is  in  the  act  of  being  constricted  off  from 
the  blastodermic  vesicle.  The  head-  and  tail-ends  of  the  embryo,  by 
foldings  of  the  separate  layers,  have  been  elevated  from  the  area 
pellucida  in  the  same  way  as  in  the  Chick.  As  there,  a  cephalic 
and  pelvic  part  of  the  intestinal  tract  (fore  and  hind  gut)  have 
arisen,  with  an  anterior  and  posterior  intestinal  portal,  which  open 
toward  the  cavity  of  the  blastodermic  vesicle. 

At  the  same  time  occurs  the  development  of  the  amniou,  which 
was  first  recognised  in  the  Mammalia  by  BAER  and  BISCIIOFF.  On  the 
diagrammatic  section  one  sees  that  the  extra-embryonic  body-cavity 
has  become  very  capacious,  in  that  the  outer  germ-layer  with  the 
closely  applied  parietal  middle  layer  has  risen  up  in  the  vicinity  of 
the  embryo  and  formed  itself  into  the  folds  ks  and  as.  The  anterior 
fold  of  the  amnion  (ks)  has  bent  over  the  head,  and  tin-  posterior 
fold  (ss)  over  the  tail.  The  two  sheaths  lie  so  close  to  the  embryo 
in  the  Mammalia,  that  in  looking  from  the  surface  they  are  not 
easily  recognised,  especially  as  they  are  extraordinarily  transparent. 

On  the  third  diagram  the  amniotic  folds  have  greatly  enlarged,  and 
have  grown  toward  each  other  over  the  back  of  the  embryo  till  their 

of  the  allantoi)  has  diminished  and  the  yolk-sac  has  become  very  small,  but  the  amniotic 
cavity  is  in  the  act  of  increasing. 

d,  Vitelline  membrane  (zona  pellucida)  ;  d',  villi  of  the  same ;  **,  serous  membrane  [serosa] ; 
ch,  chorion  ;  ch.z,  villi  of  the  chorion  ;  am,  amnion  ;  kg,  st,  cephalic  and  caudal  folds  of  the 
amnion  ;  a,  outer  germ-layer ;  a',  the  same  in  the  extra-embryonic  region  of  Ihe  blastula ; 
7/1,  middle  germ-layer  ;  m',  the  same  in  the  extra-embryonic  region  ;  dd,  inner  germ-layer  ; 
i,  the  same  in  the  extra-embryonic  region  ;  df,  vascular  area  ;  *t,  sinus  terminalis ;  kh,  cavity 
of  the  blastula,  which  later  on  becomes  the  cavity  of  the  yolk-sac  (dt) ;  dg,  stalk  of  the  yolk- 
sac  (vitelline  duct) ;  <tl,  allantois  ;  e,  embryo  ;  r,  space  between  chorion  and  amnion.  extra- 
embryonic  part  of  the  body-cavity,  filled  with  albuminous  fluid  ;  re,  ventral  body-wall ; 
hh,  pericardial  oaviiy. 
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edges  are  in  mutual  contact.  The  closure  of  the  sac  takes  place  in 
a  somewhat  different  manner  from  that  of  the  Chick.  Instead  of 
meeting  in  a  longitudinal  suture,  the  edges  of  the  amniotic  folds 
meet,  in  the  Rabbit  at  least,  approximately  in  the  middle  of  the  back 
in  a  small  spot,  where  for  a  considerable  time  a  circular  opening  in 
the  sac  is  retained.  The  outer  layer  of  the  amniotic  fold,  which  in 
diagram  3  is  still  in  connection  with  the  amniotic  sac  at  the  point  of 
fusion,  but  which  later  entirely  separates  from  it,  represents,  as  in 
the  Chick,  the  serosa.  It  first  appears  as  an  independent  structure 
in  the  vicinity  of  the  embryo,  whereas  farther  downwards  it  is  still 
firmly  united  with  the  entoblast,  and  together  with  it  constitutes  the 
wall  of  the  original  blastula,  which  is  here  only  two-layered. 

In  the  third  diagram,  furthermore,  we  can  recognise  the  first 
trace  of  the  allantois  (a/),  which  grows  out  from  the  anterior 
wall  of  the  hind  gut  in  the  manner  already  described  (p.  217),  and 
which  in  the  Rabbit  is  seen  as  early  as  the  ninth  day  in  the  form  of 
a  small,  pedunculated,  exceedingly  vascular  sac. 

The  fourth  diagram  shows  the  development  of  the  fcetal  membranes 
much  further  advanced.  The  prochorion  has  become  ruptured  by 
the  distension  of  the  entire  blastodermic  vesicle,  and  is  no  longer 
recognisable  as  a  separate  membrane.  What  we  see  on  the  outside 
is  the  serosa,  which  has  been  changed  in  a  striking  manner.  In  the 
first  place,  it  has  become  completely  detached  from  the  anmion ; 
however,  it  should  be  remarked  in  this  connection  that  in  certain 
Mammals,  and  especially  in  Man,  a  stalk  uniting  the  two  membranes 
is  retained  for  a  considerable  time  at  the  amniotic  suture.  Secondly, 
the  serosa  is  everywhere  separated  from  the  yolk-sac,  and  loosely 
surrounds  the  embryo  and  its  remaining  membranes  as  a  thin  sac. 
This  condition  has  been  brought  about  in  the  following  manner :  the 
middle  germ-layer,  which  in  diagram  3  had  grown  over  only  one  half 
of  the  original  blastula,  has  now  spread  over  the  other  half  also,  and 
has  become  divided  into  its  two  layers.  By  this  means  the  extra- 
embryonic  part  of  the  blastula  is  now  completely  split,  as  in  the  Chick, 
into  an  outer  sac,  the  serosa,  and  the  yolk-sac,  separated  from  it 
only  by  the  body-cavity. 

Moreover,  there  exist  in  this  respect  differences  among  the 
Mammalia,  since  in  some  the  serosa  remains  to  a  greater  or  less 
extent  permanently  united  with  the  yolk-sac.  This  is  the  case,  for 
example,  in  the  Rabbit. 

In  the  Rabbit,  in  which  the  yolk-sac  at  first  fills  the  greater  part  of  the 
blastodermic  vesicle,  the  middle  germ-layer  spreads  out  over  that  half  of  the 
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yolk->ac  unly  which  i-  tu.  I  the  em  1  )pe.d  in  it 

•••in   i'f  capillaries.  \\  Inch  Midi  abruptly   in  a   marginal   vein.     The.   other 

half  of  tho  yolk-sac  is  without  ve>srls,  and  is  everywhere  tinnly  united  wit  h  the 

i      When,  after  t In-  resorption  of  its  cont.  oik-sac conun*  t 

shrivel,  it  begilM  to  take  on  a  mushroom-like  f.,nn  '  - ),  Mwini:  to  the 

folding  in  of  the  \a-cidai  Irilt  (./'</)  acr.'iinM  the  non-va<cul.ir  ]-.  v.hirh 

-ed  with  the  serosa  (\//).      It  remains  united  witli  the  umbilicus  of  the 
embryo  by  m.  ans  of  an  elon- 
il     stalk     (or 

vitelline  duct),  which  is  com- 
I  arable  to  the  stalk  of  the 
mushroom. 

The  >pace  (;•)  which  is 
produced  in  the  blastodermic 
vesicle  by  the  shrinking  of 
tho  yolk-sac  does  not  become 
filled  out  by  compensating 
growths  of  the  amnion  (a) 
and  allantois  (ul\  both  of 
which  ivinain  small.  There- 
fore a  large  amount  of  fluid 
collects  between  the  separate 
foetal  membranes.  The  space 
filled  with  fluid  is  none  other 
than  tho  extra-embryonic  part 
of  the  body-cavity,  which  in 
the  Rabbit,  as  in  no  other 
Mammal,  is  highly  developed. 
The  allantois  (al~)  hangs  freely 
in  this  space  as  a  stalked 
.  a  part  of  its  surface 
having  applied  itself  to  that 
portion  of  the  serosa  (sh) 
which  is  not  united  with  the 
yolk-sac,  and  which  is  circum- 
scribed by  the  sinus  termi- 
nalis  ($0-  It  is  gradually 

metamorphosed  into  an  organ  of  nutrition  for  the  embryo,  the  placenta  (/;/), 
inasmuch  as  it  receives  a  rich  supply  of  blood  through  the  vessels  of  the 
allantois,  the  umbilical  vessels. 

Subsequently  the  remaining  surface  of  the  blastodennio  vesicle,  over  which 
the  umbilical  ressels  do  not  extend,  also  becomes  vascular.  This  is  due  to  the 
fact  that  the  albuminous  fluid  still  contained  in  the  mushroom-like  yolk-sac 
becomes  entirely  absorbed,  and  that  consequently  its  outer  non- vascular  and 
inner,  invaginated  vascular  walls  come  to  lie  on  each  other  and  to  fu>e  into 
a  single  membrane.  In  this  manner  the  blastodermic  vesicle  in  the  Rabbit 
becomes  provided  with  blood  on  its  entire  surface,  but  from  two  different 
sides — the  placental  portion  from  the  vessels  of  the  allantois,  and  the  larger 
part  of  the  surface  from  the  degenerating  vitelline  vessels. 

In  regard  to  the  formation  of  the  amnion  in  the  Rabbit,  upon  which  VAN 
FT  Ji  LIN  have  made  very  thorough  investigations,  it  is  to  be  added 


Fig.  133.— Diagrammatic  longitudinal  section  through 
the  ovum  of  a  Rabbit  at  an  advanced  stage  of 
pregnancy,  after  BISCUOFF. 

e,  Embryo ;  a,  amnion  ;  u,  urachus ;  at,  allantois  with 
blood-vessels  ;  sh,  subzonal  membrane  ;  pi,  villi  of  the 
placenta  ;  fd,  vascular  layer  of  the  yolk-sac  ;  ed,  ento- 
blast  of  the  yolk-sac  ;  ed',  ed",  inner  and  cuter  lamella) 
of  the  entoblast  which  lines  the  flattened  cavity  of  the 
yolk-sac ;  ds,  cavity  of  the  yolk-sac ;  st,  sinus  T 
nulls;  r,  the  space  between  amnion,  nllantui.s,  an  I 
yolk-sac  that  is  tilled  with  fluid. 
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that  the  middle  germ-layer  is  wanting  in  the  region  of  the  anterior  amniotic  fold 
to  a  greater  degree  in  this  case  than  in  the  Chick.  The  anterior  amniotic  fold 
therefore  consists  during  a  considerable  period  of  only  the  two  primitive  germ- 
layers,  closely  joined  together.  VAN  BENEDEX  has  therefore  given  to  the 
cephalic  sheath,  as  long  as  the  inner  germ-layer  takes  part  in  its  formation, 
the  name  of  proamnion.  Later  on,  however,  a  separation  of  the  amnion  from 
the  entoblast  takes  place  also  in  the  head-region  in  the  Rabbit. 

Finally,  in  our  fourth  diagram,  still  a  third  change  has  appeared  in 
the  serosa.  By  rapid  growth  of  the  epithelium  large  numbers  of 
small  evaginations  or  villi  have  arisen  on  its  outer  surface.  On  this 
account  the  name  of  chorion  or  villous  layer  has  been  applied  to  it 
when  these  changes  have  been  completed.  It  should  also  be  added 
here  that  in  the  development  of  the  villi  uniformity  among  all  Mammals 
by  no  means  prevails.  In  the  lowest  orders  (Monotremes,  Marsupials) 
the  surface  of  the  blastodermic  vesicle  remains  almost  smooth,  as  in 
Reptiles  and  Birds.  In  them,  therefore,  the  serosa  is  permanently 
retained  during  embiyonic  life,  whereas  in  other  Mammalia  it  is 
transformed  into  a  villous  membrane.  By  reason  of  these  differences 
KOLLIKER  has  divided  Mammals  into  Mammalia  achoria  and 
Mammalia  choriata. 

On  the  other  embryonic  membranes  of  fig.  132,  4,  it  is  principally 
changes  in  size  only  that  have  been  effected.  The  yolk-sac  (ds),  over 
the  entire  surface  of  which  the  vitelline  vessels  now  spread,  has 
become  considerably  smaller,  and  is  continuous  with  the  embryonic 
intestine  by  means  of  a  long  slender  stalk,  the  vitelline  duct  (dg). 
The  amniotic  sac  (am)  has  already  enlarged  and  is  filled  with  fluid, 
the  liquor  amnii  Its  walls  are  continuous  at  the  umbilicus  with 
the  ventral  wall  of  the  embryo.  The  allantois  (al)  has  become  a 
vascular  pear-shaped  sac,  which  has  grown  out  between  the  dermal 
stalk  and  umbilicus  into  the  extra-embryonic  part  of  the  body-cavity, 
and  soon  after  reaches  the  serosa. 

The  accurate  representation  of  an  embryo  Dog  of  twenty-five  days 
(fig.  134)  affords  us,  better  than  the  diagram  (fig.  132,  4),  a  view  of 
the  connection  of  the  two  vascular  sacs,  the  allantois  and  yolk-sac, 
with  the  intestinal  canal. 

The  embryo  is  removed  from  the  chorion  and  amnion.  The 
ventral  belly-wall  is  partly  removed,  and  thereby  the  dermal  um- 
bilicus, which  about  this  time  has  become  rather  narrow,  has  been 
destroyed.  The  intestinal  canal,  now  to  be  seen  in  its  entire  length, 
is  already  converted  throughout  into  a  tube  (d) ;  near  its  middle  it  IB 
continuous,  by  means  of  a  short  vitelline  duct,  with  the  yolk-sac  (ds), 
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which  was  i  ut  op.-n  in  tin-  j  [.npaia  ;     -    aliantois  (0J) 

is  attached    to  the  \vry  end  of   the  intestinal  (anal  l.y  means  of   the 
attenuated    stalk-like  uiachus. 

Up  to  this  stage  the  correspondence  in  the  development  of  the  embry- 
onic memhranes  in  Mammal^.  I'.ii  d>.  ami  Ili-pt  iles  is  clear.  But  from 
DOW  on  the  course  of  development  in  the  Mammalia  becomes  more 
:.ial  more  diveigent,  since  one  portion  of  tie  totbryonic  membranes 


Fig.  134.—  Embryo  Log  of  25  dayr,  extended  and  Men  from  in  front.  Magnified  25  diameter*. 
After  BISCHOFF. 

rf,  Intestine  ;  ds,  yolk-sac  ;  al,  allantois,  urinary  sac  ;  wn,  primitiM-  kidiicy  ;  [,  the  two  lobes  of 
the  liver,  with  the  lumen  of  the  oruphalomesenteric  vein  between  them  ;  ve,  ht,  anterior  and 
posterior  appendages  ;  h,  heart  ;  m,  mouth  ;  au,  eye  ;  g,  olfactory  pit. 


enters  into  closer  relations  with.  th*>  ••MOMM  no'/ntn-aur  <>/  ih>'  uterus, 
and  is  thus  converted  into  an  organ  of  nutrition  /or  tl>*  embryo.      In 

this  inftnner  a  compensation  is  provided  for  the  loss  of  the  yolk. 

The  interesting  adaptations  for  intra-uU-i  inr  nutrition  —  they  have- 
been  studied  especially  by  the  English  anatomic  Ti  I;M  i;  in  a 
series  of  profound  compaiative-embryolo^ical  works  pr«/>ent  very 
great  differences  in  the  separate  orders  of  Mammalia:  sometimes 
they  are  of  a  simple  kind,  at  other  times  they  are  more  com- 
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plicated  organs,  which  have  been  designated  as  the  after-birth,  or 
placenta.  Since  a  knowledge  of  them  will  facilitate  our  compre- 
hension of  the  human  placenta,  we  shall  consider  them  somewhat  at 
length. 

It  is  most  expedient  to  distinguish  three  different  modifications  in  the 
way  in  which  t/ie  surface  of  the  blastodermic  vesicle  comes  into  relation 
with  the  mucous  membrane  of  the  uterus,  and  accordingly  to  divide  the 
Mammals  into  three  groups. 

In  one  the  serosa  is  retained  nearly  in  its  simple  primitive  condition, 

In  the  second  it  is  transformed  into  a  villous  layer  or  chorion,  and 

In  the  third  a  placenta  arises  out  of  one  or  more  portions  of  the  chorion. 

To  the  first  group  belong,  among  the  Mammalia,  only  the  Mono- 
tremes  and  the  Marsupials,  whose  embryonic  membranes  are  in  the 
main  constituted  like  those  of  Birds  and  Reptiles.  Ordinarily  in  the 
Marsupials  the  serosa  retains  its  smooth  surface.  Inasmuch  as  it 
lies  in  close  contact  with  the  vascular  mucous  membrane  of  the  uterus, 
it  can  absorb  nourishment  from  the  latter  and  transmit  it  to  the 
deeper-lying  embryonic  parts. 

In  the  second  group  of  Mammals  an  improvement  in  the  intra- 
uterine  nourishment  is  effected  by  important  changes  in  the  organisa- 
tion of  the  serosa,  which  is  converted  into  a  villous  layer  or  chorion. 

In  the  first  place,  it  is  provided  with  blood-vessels  by  the  allantois, 
which  grows  out  into  contact  with  it,  and  whose  connective-tissue 
layer,  containing  the  ramifications  of  the  umbilical  vessels,  grows 
over  its  entire  inner  surface. 

Secondly,  the  epithelial  membrane  begins  to  grow  out  into  folds 
and  villi,  into  which  there  soon  penetrate  vascular  outgrowths  of  the 
connective-tissue  layer.  By  this  process  a  larger  resorbing  surface 
is  provided. 

Thirdly,  the  mucous  membrane  of  the  uterus  and  the  chorion 
unite  more  intimately  and  firmly  with  each  other,  while  the  former 
also  increases  its  surface  and  acquires  pits  and  depressions  into  which 
the  processes  of  the  latter  penetrate. 

All  these  changes  have  simply  the  purpose  of  facilitating  and 
rendering  more  perfect  the  interchange  of  materials  between  the 
tissues  of  the  mother  and  those  of  the  offspring. 

We  meet  with  membranes  thus  constituted  in  the  Suidse,  the 
Perissodactyla,  Hippopotamidae,  Tylopoda,  Tragulidw,  Sirenia,  and 
Oetacea.  In  the  Pig,  which  shall  serve  as  an  example,  the  blasto- 
dermic vesicle,  in  adaptation  to  the  form  of  the  uterus,  is  transformed 
into  a  spindle-shaped  sac.  The  inner  embryonic  appendages,  the 
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yolk  -ac  and  allantoj>.  KT6  also  drawn   out   in    tin-  into 

two  long  tapering  mils. 

On  tin-  entire  rarfB06  "f  the  choi-ion.  \\ith  the  exception  of  the 
two  ri,d>  nt  the  sac,  there  have  ari>en  rows  of  very  \a~-ular  pads, 
which  radiate  from  separate  smooth  round  >p<>t-  of  the  membrane. 

and    are    covered    at     their    ed^->    with    small    simple   papilla-. 

macoos  membrane  of  the  uterus  is  exactly  littel  int..  the  elevation- 
ami  depressions  of  the  chorion.  There  are  also  found  on  it  circular 
smooth  ]i laces  similar  to  those  of  the  oho:'ion.  which  are  further 
noteworthy  from  the  fact  that  it  is  only  on  them  that  the  tubular 
uterine  glands  open  out.  At  birth  the  interlocking  .-urfacas  of 
contact  separate  from  each  other  without  any  loss  of  substance  on 
i  he  part  of  the  mucous  membrane  of  the  uterus;  for  the  pads  and 
small  papilla-  are  easily  withdrawn  from  the  depressions  which  B6TV6 
for  their  reception. 

In  the  third  group  a  special  or^raii,  the  placenta,  or  afterbirth, 
has  been  developed  for  the  purpose  of  intra-uterine  nutrition.  Its 
origin  was  brought  about  by  separate  portions  of  the  chorion  having 
assumed  different  characters,  owing  to  the  unequal  >i/.«-  and  distri- 
bution of  the  villi. 

One  part  exhibits  a  condition  in  which  the  villi  are  entirely  gone 
or  much  stunted,  so  that  the  surface  of  the  membrane  feels  smooth  ; 
moreover,  it  possesses  few  blood-vessels  or  is  ent  irely  destitute  of  them. 

Another  part  of  the  chorion  contains,  closely  packed  together,  villi 
which  are  extremely  long  and  covered  with  many  ramifying  lateral 
branches  ;  furthermore,  it  receives  large  blood-vessels,  which  approach 
the  tufts  of  villi  and  distribute  their  terminal  capillaries  to  the  finest 
lateral  ramifications  of  the  latter;  finally,  it  has  entered  into  the 
most  intimate  relations  with  the  mucous  membrane  of  the  uterus. 
Wherever  the  latter  comes  in  contact  with  the  tufts  of  villi  it 
is  much  thickened,  very  vascular,  and  in  a  state  of  active  growth. 
It  encloses  numerous  branched  cavities  of  varying  size,  into  which 
the  villi  of  the  chorion  exactly  fit. 

The  entire  structure  is  called  a  placenta,  in  which  ths  prirt  of  the 
chnri<>n  tr/iic/i  is  cnrnvd  with  rilli  is  lUatinijiiixhed  as  th> 

iit.  mid  the  part  of  the  mucov^  membrane  of  t/c'  ///••/•;/*•  >r/«' 

trit/>  d/iff  m/iifited  to  the  latter  as  the  j  -a.     Both 

parts  together  constitute  an  onran  for  the  nutrition  of  the  embryo. 

The  term  pl.u  enta  has  often  been  extended  to  the  kind  of  chorion 
which  is  evenly   covered    with   small  villi,    nidi    as   exists  in   the 
\  etc.,  and  the  designation  of  diffuse  placenta  has  been  cr- 
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for  it.     But  in  the  interest  of  a  more  precise  definition  it  is  advisable 

to  use  the  name 
only  in  the  re- 
stricted sense 
in  which  it  has 
been  employed 
in  this  chapter, 
and  in  other 
cases  to  speak 
of  a  villous 
membrane  or 
chorion  only. 
The  forma- 
tion of  the  pla- 
centa presents 
in  its  details 
important  mo- 
difications. 

Fig.  135a.-Werus  of  a  Cow  laid  open,  in  the  middle  of  the  period  of         TUfi       /?>///;/ 

gestation.    From  BALFOOH,  after  COLIN. 

T,  Vagina ;  U,  uterus ;  Ch,  chorion ;  C",  cotyledons  of  the  uterus ;  C»,  foetal  nants,  in  which 

cotyledons.  . ,          -11,1 

the    blastoder- 

mic  vesicle  is  drawn  out  into  two  tips,  as  in  the  Pig,  present  a 
special  type 
(fig.  135a).  On  u 
their  chorion 
(Ch)  have  been 
developed  very 
many  small 
foetal  placentae 
(<?2),whichhere 
are  also  called 
cotyledons.  The 
number  of  the 
latter  is  ex- 
ceedingly vari- 
able in  the 
different  spe- 
cies, from  sixty 
to  one  hundred 
in  the  Sheep 
and  Cow,  and  only  from  five  to  six  in  the  Doe.  They  are  united  with 


Fig.  135b.  Cotyledon  of  a  Cow,  the  foetal  and  maternal  part*  half 
detached  from  each  other.  After  COLIN,  from  BAM 

u,  Uterus ;  C1,  maternal  part  of  the  cotyledon  (placenta  nterina) ; 
Ch,  chorion  of  the  embryo;  C*,  f ratal  part  of  the  cotyledon 
(chorion  frondosum  or  placenta  f retails). 
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corresponding    thickenings  of    the   uterine  mucous    n  th-- 

placenta-  uteiinte  (C11),  though  «»nl\  in  a  loose  manner,  M>  tliat  a  little 
pulling  is  sullident  to  produce  a  ,-eparat  ion.  and  to  draw  the  dun-ionic 
villi  out  of  the  depressions  \\liidi  serve  for  their  reception,  as  one 
draws  the  hand  out  of  a  glove.  In  fact,  in  the  preparat  ion  which 
MTVefl  M  tlie  1  aftifl  of  our  liguiv  i:>f»a  the  cotyledons  of  ollspring  and 
mother  (t '- 'and  C1)  are  separated  from  eadi  other,  sine.-  the  uterus 
(U)  has  been  opened  by  means  of  an  incision  and  drawn  hack  from 
the  chorion  (Ch)  for  a  little  distune  -. 

l-'i^ure  l,'J5h  shows  a  single  cotyledon  of  figure  135a  pomewhat 
larger  than  the  natural  size.  The  wall  of  the  uterus  (u)  is  drawn 
hack  a  little  from  the  chorion  (Ch).  As  a  result  of  this,  the  maternal 
(C1)  and  foetal  parts  (C2)  of  the  cotyledon  are  partially  sepai 
from  each  other.  On  the  placenta  uterina  (C1)  one  perceives  many 
small  pit-,  on  the  placenta  fcetalis  (C2)  the  closely  packed  dendritically 
branching  chorionic  villi,  which  have  been  withdrawn  from  the 
nits. 

As  the  diagrammatic  section  figure  136  teaches,  the  fcetal  and 
maternal  tissues  abut  immediately  on  each  other.  The  villi  are 
covered  with  flattened  cells,  and  the  depressions  of  the  mucous 
membrane  are  lined  with  cylindrical  cells  ;  the  latter  develop  within 
them  granules  of  fat  and  albumen;  they  disintegrate  in  part,  and 
thereby  contribute  to  the  formation  of  a  milky  fluid,  the  so-called 
uterine  milk,  which  can  be  pressed  out  of  the  placenta  uterina  and 
serves  for  the  nutrition  of  the  foetus.  It  is  to  be  noticed  also  that 
in  the  Ruminants  the  uterine  glands  have  openings  on  the  mucous 
membrane  only  between  the  cotyledons. 

In  all  other  Mammals  that  are  provided  with  a  placenta  the 
intrrgnwth  of  the  fcetal  and  maternal  tissue  is  still  more  intimate. 
At  the  same  time  there  is  formed  in  this  way  such  a  close  union, 
that  a  stpartUion  <;f  the  chorion  without  i/ijtir//  to  the  mucous  mem? 
<>/  the  uterus  is  now  no  longer  possible.  At  f>irt/t  therefore  a  more  or 
less  considerable  superficial  layer  of  the  mucous  m> m Irnne  of  the  v' 

'«t  off  with  the  foetal  placenta.     The  part  that  is  cast  oft*  is  called 
the  caducous  membrane,  or  the  dec! 'tun. 

In  accordance  with  Hr.\i.K\'s  propo>al,  all  Mammals  in  which,  in 
consequence  of  the  special  growth  of  the  placenta,  such  a  membrane 
is  formed  are  now  grouped  together  afl  Mammalia  dtciduata,  or 
briefly  Deciduata,  in  contradistinction  to  the  remaining  Mammals — 
the  InoVjciduata,  the  formation  of  whose  placenta-  has  jiu>t  been 
discussed. 
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In  the  Mammalia  with  a  decidua  we  must  distinguish  tw<>  sub- 
types of  placenta,  a  ring-like  and  a  disc-like,  a  placenta  zonaria  and 
a  placenta  discoidea. 

The  placenta  zonaria  is  characteristic  of  the  Carnivora.  The 
blastodcrmic  vesicle  in  this  case  generally  has  the  shape  of  a  cask. 
With  the  exception  of  both  poles,  which  retain  a  smooth  surface,  the 
chorion  is  covered  with  numerous  villi  arranged  in  a  girdle-shaped 
zone ;  the  villi  are  furnished  with  lateral  branches,  like  a  tree. 

The  branched  villi  of  the  chorion  sink  into  the  thickened  mucous 


Fig.  136.— Diagrammatic  representation  of  the  finer  structure  of  the  placenta  of  a  Cow,  after 

TURNER. 
P,  Foetal,  M,  maternal  placenta ;  V,  villas ;  e,  epithelium  of  the  chorionic  villus  ;  «",  epithelium 

of  the  maternal  placenta ;  d,  foetal,  d',  maternal  blood-vessels. 

Tig.  137.— Diagrammatic  representation  of  the  finer  structure  of  the  placsnta  of  a  Cat 
TURNER.    Explanation  of  letters  as  in  fig.  136. 

membrane  of  the  uterus  in  various  directions,  so  that  in  sections 
there  arises  the  appearance  of  an  irregular  interlacing  (fig.  137). 
However,  according  to  the  concurrent  accounts  of  TURNER  and 
ERCOLANI,  there  is  no  penetration  into  the  uterine  glands  in  this  case, 
any  more  than  in  the  case  of  the  Indecidnata. 

The  epithelium  (e'}  of  the  maternal  mucous  membrane  (M )  p. 
and  forms  a  boundary  between  the  villi  (V)  and  the  maternal  blood- 
vessels (d1),  tvhich  latter  have  enlarged  to  cavities  from  three  to  four 
mites  as  wide  as  the  fcetal  capillaries  (d).     This  enlargement  of  the 
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i-nal  hlimd-pass-iire.s  is  hill  .•  for  the  formation  of 

tin'  placenta   ill  the   1  >eciduat  a   a-  upp  •>••«!  to  that    of   the    I  ndecidnata. 

The    second    fin  in,    tl,  -t.    is    characteri.-' ic    of   the 

Kodentia,  the  I  nseetivora.  t  he  Chiroptera  and  lYoMinise,  the  Apes  and 
Man.  Here  the  portion  of  the  chorion  devoted  to  the  formation  of 
the  placenta  is  small  ;  but  in  compel .-at ion  i'or  this  the  tufts  of  villi 
(tiir.  13s  F)  are' "very  highly  developed  ;  the  union  between  placenta 
uterina(  .I/) and  placenta 
fn-talis  (  /•')  is  most  111- 
timate  ;  the  maternal 
Hood  spaces  (d')j  in  the 
(•a»»-  of  the  Apes  and 
Man  at  least,  are.  I 
where  else,  enormously 
distended,  so  that  the 
villi  of  the  chorion  (F) 
appear  to  sink  directly 
into  them  and  to  be 
-•d  immediately  by 
the  maternal  Mood. 

Since  wo  shall  occupy 
ourselves  more  at  length 
in  the  next  chapter 
with  the  human  pla- 
centa, which  belongs  to 
tli  is  type,  these  few 
remarks  may  suffice  for 
the  time  being. 

I  elo>e  this  section 
\\ith  a  reference  to  the 
high  systematic  signifi- 
cance of  the  embryonic 
-»ry  organs  of  Ver 
tebi-ates.  They  present, 
as  we  have  seen,  sm  h 
ureat  and  >trikin^  dif- 
ferences in  the  separate 


fig.  138.     Diagrammatic  representation  of  the  finer  struc- 
ture of  the  human  placenta  according  to  the  hypothesis 

liXKK. 

F,  Foetal,   J/",  n  au-rn.il    j  •  j>ithelimn   of  the 

maternal  •••n:.il    blood- 

vessels;  V,  villi;  ua  serotina  of  the  human 

l/act-Mta  ;  t.  t,  tralx-culae  of  the  sero.ina  running  to 
tin-  t'«i-ial  villi ;  ra,  convoluted  artery  which  sinks  into 
the  blood-space  d' ;  up,  one  of  the  utero-placental  veins 
conveying  blood  from  the  latter;  x,  a  continuation 
r  the  villus  of  maternal  tissue— lying  outeide  the 
r|,i;  .h  it-present*  either  the  endo- 

11  in   <>f  tin-  »<K!- vessels  or  a  delicate 

m:.!  t.i  the  serotina,  or  both 

together.     The  layer  •>'  consist*,  at  all  events,  of  ma- 
•:-iri    the  serotina.     The  foetal 

<  pUhelial  !a\er  is  n<>  luiiL-er  to  be  seen  on  the  villi  of 
..nijiletely  fmmcd  human  placenta. 

that  the  utilisa- 
tion   of    them    for    systematic    purpo.-.-s   \\hich    has    l>een    made    by 
.MII.NK.  KDWAUIJS,  <>\\i\.  and   HUXLEY  was  natural. 

All  lower   Vertebrates.   Amphioxns,  ( 'yclostomes.    Kishes.   Dipnoi 
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and  Amphibia,  either  possess  no  accessory  organs  at  all,  or  only 
an  evagination  of  the  intestinal  tube,  the  yolk-sac.  The  embryos 
of  Reptiles,  Birds,  and  Mammals,  on  the  contrary,  are  further 
enclosed  in  two  fugitive  membranes  characteristic  of  embryonic 
life,  the  amnion  and  serosa.  They  have  therefore  been  grouped 
together  as  amniotic  animals  or  Amniota,  and  the  classes  first, 
mentioned  have  been  contrasted  with  them  as  non-amniotic  animals 
or  Anamnia. 

Among  the  amniotic  animals  a  further  separation  into  two  groups 
can  be  made  :  on  the  one  side  are  the  egg-laying  Reptiles  and  Birds, 
which  HUXLEY  unites  into  the  Sauropsida ;  on  the  other  side 
Mammals,  in  which  (with  the  exception  of  the  Monotremes)  the 
eggs  develop  in  the  uterus,  and  the  young  are  further  nourished 
after  birth  by  the  secretions  of  milk-glands. 

In  the  Mammalia  the  foetal  membranes,  inasmuch  as  they  unite 
with  the  mucous  membrane  of  the  uterus  to  form  an  organ  of  nutrition, 
take  on  a  still  more  complicated  character,  and  present  modifications 
which  in  turn  can  readily  be  utilised  for  systematic  purposes. 

In  Monotremes  and  Marsupials  the  outer  embryonic  membrane 
retains  an  almost  smooth  surface,  as  in  Reptiles  and  Birds ;  in  all 
other  Mammals  there  arise  on  the  surface  of  the  chorion  villi,  which 
grow  into  the  maternal  mucous  membrane.  OWEN  has  designated 
the  one  as  Implacentalia,  the  other  as  Placentalia.  The  terms 
Achoria  and  Choriata  introduced  for  these  by  KOLLIKER  are  better. 

In  the  Choriata  the  union  of  the  villi  witn  the  mucous  membrane 
is  either  loose  or  firm ;  corresponding  to  this  there  is  either  no 
detachable  layer  of  the  mucous  membrane  of  the  uterus  formed, 
no  decidua,  or  such  a  structure  arises  as  the  result  of  close  inter- 
growth  of  the  placenta  uterina  and  placenta  foetalis.  Thus  we  have 
the  Mammalia  indeciduata  and  the  Mammalia  deciduata.  In  each 
division  there  are  again  two  sub -types  in  the  formation  of  villi.  In 
the  Indeciduata  the  villi  are  either  evenly  distributed  over  the 
surface,  or  they  are  united  into  more  or  less  numerous  groups 
(placentae  or  cotyledons),  which  are  separated  from  one  another  by 
smooth  tracts  of  the  chorion.  In  a  part  of  the  Deciduata  the 
placenta  is  girdle-shaped,  in  another  part  disc-shaped. 

SUMMARY. 

1.  In  the  Mammalia  there  is  developed,  in  the  same  way  as  in 
Reptiles  and  Birds,  a  yolk-sac,  an  amnion,  a  serosa,  and  an  allantois. 

2.  Excepting  in  the   Monotremes  and   Marsupials,  the  serosa  is 
metamorphosed  into  a  chorion,  in  that  it  puts  forth  villi,  and  in  that 
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the  com:ecti\e  tissue  layer  of  the  allantois,  which  i-  |. !••••.  i.l.-.l  with 
the  umbilical  blood-ve  Bels,  IpTtftdfl  out  on  its  inner  surface  and 
j  .  -net  r.-itt-s  into  tin-  villi. 

3.  In   a    part    of    the    Mammalia    certain     i  of   I  lie    serous 
membrane,   where  the  villi   ^row  more                  ly   and   put   forth 
lateral    branches,   and    sink   into  corresponding   depre  •:    the 
mucous  membrane  of  the  uterus,  are  converted  into  a  placenta  (when 
many  of  them  have  arisen  ononechorion  they  are  called  cot yle.i 

4.  On  the  placenta  one  distinguishes: — 

(a)  A  placenta  footalis,  i.e.,  that   j»urt  of  the  chorion  which  has 

developed  the  tufts  of  villi. 

(b)  A  placenta  uterina,  i.e.,  that  part  of  the  mucous  membrane 

of  the  uterus  which  has  proliferated  and  is  provided  with 
depressions  for  the  reception  of  the  plact-nta  tVtalis. 

5.  Foetal  aud  maternal  parts  of  the  placenta  can  become  more 
lii  inly  united  with  each  other;    the  result  is  that  at  birth  a  larger 
or  smaller  tract  of  the  mucous  membrane  of  the  uterus  is  also  cast 
off,  and  is  known  as  the  caducous  membrane,  or  the  decidua. 

6.  According  to  the  character  of  the  embiyonic  membranes,  the 
following  divisions  of  Vertebrates  may  be  established  : — 

I.  Anamnia,  animals  without  an  amnion. 

(Amphioxus,  Cyclostomes,  Fishes,  Amphibia.) 
II.  Amniota,  animals  with  an  amnion  (with  yolk  sac,   amnion, 
serosa,  and  allantois). 

A.  Sauropsida.     Egg-laying,  amniotic  animals. 
(Reptiles  and  Birds.) 

B.  ^fammal^a.    In  all  of  them,  except  the  Monotremes,  the 

eggs  are  developed  in  the  uterus. 

(a)  Achoria.     The  serosa  develops  no  villi,  or  only  a  few. 

(Monotremes,  Marsupials.) 

(b)  Choriata.     The  serosa  becomes  the  villous  membrane 

(chorion). 
f(l)  With  evenly  distributed  villi. 

(Perissodactyla,  Suida?,  Hippopotamidse,  Tylopoda, 
Mammalia  „*_       TJ      ^  ±  L    \ 

Iragulida?,  Cetacea,  etc.) 

(2)   Placentalia,        The   >--ro>a    is   at    intervals    metamor 
deciduata. 

phosed  into  a  placenta. 

a.  Numerous  cotyledons.     (Ruminantia.) 

,    f         8.  Placenta  zonaria.     (Carnivora.) 
Mammalia 
,     . ,  4         y.  Jrlacenta  discoidea.     ([Man,J  Apes,  Rodents,  In- 

sectivores,  B,r 
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CHAPTER   XIII. 
Tin:  r<i'i\L    I//:.)//;//  i  VS8  OF  .'/  1  v. 

Tin:    investigation   of    tin-    first    .xiage-;    in    the   development    of    man, 

which  are  accomplished  during  ihfiir.xt  tour  week- of  pregnancy,  is 

((  uj»l<  (1  with  extraordinary  ditliculties.    Only  very  exceptionally  does 
the  embryologiM  comeinto  p  i  of  young  liuiuan  ova.  whether 

found  in  the  uterus  at  the  time  of  di.-.-eet  ion,  or  coming  into  the 
hands  of  a  physician  as  (he  re.-ult  of  miscarriage.  In  tin-  l.-i 
the  ova  have  often  been  dead  fur  a  long  time  in  the  uterus,  and 
consequently  are  in  process  of  decomposition.  Finally,  a  good 
preservation  and  an  accurate  in\e.-tigation  of  Mich  small  and 
delicate  objects  demand  no  slight  decree  of  .-kill. 

This  accounts  for  the  fact  that  \\e  do  not  possess  in  the  case  of 
Man  a  single  observation  upon  the  process  of  fertilisation  or  that  of 
cleavage,  upon  the  formation  of  the  germ-layers,  or  upon  the  lir>t 
establishment  of  the  form  of  the  body,  the  fu-tal  m  •mln-anes.  and  a 
large  number  of  other  organs.  ( 'oncerning  this  whole  period  we 
are  dependent  upon  the  conclusions  which  are  furnished  by  the 
development  of  other  Mammals.  Thus  we  assume  t  hat  fertilisation 
normally  takes  place  in  the  enlarged  beginning  of  the  oviduc! 
(Fallopian  tube) j  that  the  seminal  element.-,  which  remain  alive  in 
the  female  sexual  organs  perhaps  for  days  or  weeks,  here  await  the 
ovum  as  it  emerges  from  the  ovary  ;  that  the  ovum  already  segmented 
enters  into  the  cavity  of  the  uterus,  attaches  itself  in  the  mucous 
membrane,  and  during  the  first  weeks  of  piegnancy  gives  rise  to  the 
g»  rni-layers.  the  outer  form  of  the  b<  dy,  and  the  fostal  membrano, 
according  to  the  well-known  rules  for  other  Mammals. 

A  little,  although  very  scanty,  information  has  been  acquired, 
but  this  concerns  only  the  second  and  subM-quent  week.  A  >mall 
number  of  ova  have  been  described  in  the  literature,  which  for  the 
most  part  come  from  miscarriagi -.  and  the  age  of  which  has  been 
•  -tiinated  at  from  twelve  to  fifteen  day-.  The  bla.-todermic  \e-icles 
measured  .r>  to  U  mm.  in  diameter.  Here  belong  two  ova  de>cribed 
by  ALLKX  THOMSON,  and  those  i  >M:I;  \.  j».  KOI.K.  HI:N\I... 

Ki  h  iiKKT,   UIIKI  -s.   r.i:K,i;i.  IND  Lowi:.  as  well   as  the  cases  published 

by  AHI.FKI.I).  KOI.I.M\NN,  POL,  and  G] 

Upon  critical  comparison  of  the  di>co\vrie>.  there  are  two  facts 
which  we  can  regaid  as  e>tal»li>l.ed. 

At    the   end   of   the   second   week    the   blastodermic  vesicle 

16 
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•(blastula)  no  longer  lies  free  in  the  cavity  of  the  uterus,  but  is 
enclosed  in  a  special  capsule  produced  by  the  growth  of  the  mucous 
membrane.  Hitherto  no  one  has  had  the  opportunity  to  make 
observations  concerning  the  formation  of  this  capsule.  Following 
an  hypothesis  of  SHARPEY,  which  has  been  somewhat  modified  by 
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Tig  139. -Diagrammatic  section  through  the  gi*vid  human  uterus,  from  WIEDERSHEIM. 

U,  Uterus  ;  UH,  cavity  of  the  same  ;  Tb,  Fallopian  tube  ;  Dr,  decidua  vera ;  Dr,  decidua  reflexa; 
Pu,  placenta  uterina  (decidua  serotina)  ;  ff.  p'.acenta  foetalis  or  chorion  frondoaum  (Chf)  ; 
Chi,  chorion  Iseve ;  A  (on  black  background),  cavity  of  the  amnion  filled  with  amniotic 
fluid  ;  D,  yolk-  (umbilical)  vesicle  ;  in  the  embryo  one  sees  the  umbilical  vessels  (Al)  ;  t  the 
livi-r  traversed  by  the  vena  umbilicalis;  H,  the  heart;  A,  the  aorta;  ci  and  c»,  t' 
cava  inferior  and  superior  ;  p,  vena  portarum. 

REICHERT,  it  is  now  generally  assumed  that  the  ovum  upon  its 
entrance  into  the  utems  imbeds  itself  in  a  depression  of  the  mucous 
membrane,  which  is  thrown  into  ridges  and  is  in  process  of  being 
metamorphosed  into  the  decidua.  The  margins  of  the  depression 
goon  grow  around  the  blastula  on  all  sides,  and  fuse  together  to  form 
a  closed  fatal  capsule.  The  fusion  takes  place  at  a  point  diametrically 
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it.'   the  attachment,    and    is    «!»•-•  resembling    a   cica 

It  is  destitute,  of  blo<>d  \e>M-ls,  whereas  these,  as  well  as  uteirne 
glands,  are  present  in  the  remaining  portion  of  ll.e  OVBrgrOWing 
mumus  membrane.  The  blastula  liis  in  tliis  receptacle  MOW,  and 
even  into  tin-  beginning  of  the  second  month,  loosely  enclosed;  after 
opening  the  capsule  the  blastula  can  be  removed  easily  ami  \\ithout 
injury. 

Whereas  in  othor  Rfammals  only  thai  cart  «»f  tin-  uterine  mii. 

membrane  which  contributes  to  the  formation  of  the  placenta  is  cast 
(ill',  in  the  case  of  Man  there  occurs  a  much  more  extensive  ecdy>i> 
of  tin-  most  superficial  Liver,  nann-lv.  <>\er  the  whole  inner  surf  .-ice  of 
the  uterine  cavity.  Here,  too,  the  part  which  is  ca-t  off  is  designated 
as  deciduous  membrane  or  decidua,  and  three  regions  arc  di.-t  inguish- 
able  (fig.  139) — the  part  which  is  thrown  around  the  l>]a>tnl 

""  reflexa  (Dr),  the  part  which  forms  tlio  floor  of  the  depression 
in  which  the  ovum  has  established  itself  as  decidua  serotina  (Pu),  and 
the  remaining  { oiiion  as  decidua  vera  (Dv). 

In  the  reflexa  we  become  acquainted  with  a  structure  which  in 
this  complete  form  occurs  only  in  the  case  of  Man  and  the  Apes, 
whcrca-  licinnnin^s  of  such  a  structure  are  also  found  in  other 
groups,  as,  e.g.,  in  the  Carnivores.  Since  the  fn-tal  capsule  does  not 
at  lirst  completely  fill  the  uterus,  there  remains  between  reflexa  and 
vera  a  space  filled  with  mucu>. 

A  second  and  in  many  respects  astonishing  result  is,  that   e 
in   very  youii^    and    small    blastodermic    \e.-icle>,    as  all  discoveries 
agree  in  .showing,  a  well-developed  ckorion  with    iilminlant    cilli    is 
begun. 

The  villi  are  either  distributed  over  the  whole  surface  of  the  ovum, 

or.  :ts  in  PiKH'HKKT's  Case    (\\g.   140  A   and  B),    they  leave  two  opp 

poles  of  the  blastula  free.  They  attain  a  length  of  one  millimetre, 
and  in  part  have  the  form  of  simple  cylindrical  elevations;  in  part 
they  already  possess  lateral  branches.  At  no  place  have  they  fu>ed 
with  the  decidua.  Like  the  chorion  itself,  they  consist  of  two  layers 
— of  a  superficial  epithelial  layer,  derived  from  the  serosa,  concern- 
ing which  AJII.FKLH  and  KoLLMANN  have  made  very  definite  and 
reliable  statements,  and  of  a  layer  of  em'>ryonie  gelatinous  tissue, 
which  extends  into  the  axis  of  the  villi  and  already  appears  to  hear 
here  and  there  blood- ves>,  N. 

Unfortunately  we  have  learned  nothing  from  investigations  of 
these  youngest  of  all  human  embryos  concerning  the  structures 
within  the  chorion, — the  remaining  fotal  membranes  and  the 
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fundament  of  the  embryo  itself.  Either  the  ova  were  already  more 
or  less  pathologically  altered,  or  the  contents  were  considerably 
damaged  in  consequence  of  the  method  of  preservation  and  by  the 
preparation.  At  all  events  with  other  investigators  one,  I  think, 
may  conclude  from  the  condition  of  the  chorion  that  the  embryo 
must  have  been  in  an  advanced  stage,  in  which  germ-layers,  yolk- 
sac,  and  amnion  were  already  formed. 

This  assumption  is  all  the  more  reasonable,  since  well-developed 
embryos  from  blastodermic  !  vesicles  which  were  only  a  few  milli- 
metres larger  have  been  described  by  COSTE,  ALLEN  THOMSON,  His, 
and  others.  In  these  cases  the  head-end  of  the  embryo  only  is 
rather  sharply  differentiated  from  the  yolk-sac,  which  is  continuous 
with  the  fundament  of  the  intestine  throughout  nearly  its  entire 


Fig.  140. — The  human  ovum  at  an  early  stage  of  development. 

A  and  B,  Front  and  side  views  of  a  human  ovum  of  12  to  13  days,  figured  by  REICHERT.    t,  The 

part  designated  by  REICHERT  as  embryonic  spot.     From  QUAIN'S  "  Anatomy." 
6',  An  ovum  of  4  to  5  weeks,  showing  the  general  character  of  the  villous  membrane  before  the 

formation  of  the  placenta.    A  part  of  the  wall  of  the  ovum  is  removed  in  order  to  show  the 

embryo  in  situ.     After  ALLESJ  THOMSON,  from  KU'LLIKER'S  "  Entwicklnngsgeschicbte  dee 

Menschen,  etc." 

length.  The  neural  canal  is  not  yet  closed,  but  the  amnion  never- 
theless is  completely  developed,  and  in  fact  lies  almost  in  contact 
with  the  embryonal  body ;  at  its  posterior  end  it  is  connected  with 
the  chorion  by  means  of  a  short  cord,  which  is  connected  with  the 
fundament  of  the  allantois  and  has  been  named  the  belly-* 
(Bauchstiel)  by  His. 

Also  in  the  only  slightly  older  embryo  of  COSTE  (fig.  141) — in  which 
the  neural  tube  is  closed,  the  body  distinctly  segmented  (w$),  the 
head  provided  with  visceral  arches  (vb),  behind  the  latter  the 
heart  (/*)  recognisable,  and  the  yolk-sac  (ds)  further  constricted  off— 
a  short  belly-stalk  (bat)  is  present.  It  is  composed  of  the  amnion 
(am1)  drawn  out  to  a  point  and  of  a  connective-tissue  cord,  which 
s  from  the  ventral  surface  of  the  embryo  out  of  the  intestinal 
cavity  of  the  pelvic  region,  encloses  at  its  attached  end  a  small  cavity 
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(the    allantoi.x).  :.IH!  conduct*   the  allantoic    I>1«>'..;  from   the 

pelvic  portion  nl'  llif  intestine  to  tin-  chorion. 

Thi>  cord  is  ;i  ch.-iracteri-t  ic  -i  met  ur«-  fur  the  liuinan  embryo,  the 
si^nilicance  of  which  is  still  in  dispute.  KOU.IKKK  ami  Hi- 
i:iven  someuhat  dill'eivnt  explanation-  of  it.  KO|.UKI:K  brin--  ih" 
coid  into  relation  with  the  development  of  the  allantois.  l|i>  maki-> 
the  fundament  of  this  important  embryonie  appendage  ari-e.  as  in 
other  Mammals,  from  the  hind  «rui  of  the  eml.ryo,  ami  approach  the 
scro-a  as  a  thick  va-cular  connec  e  i:i-outh  lineduit  h  a  nario\\, 

slmri  epithelial 
tulio.  \\ithont 
previously  de- 
veloping in>i«l(^ 
it>elf  a  lar^e 
epithelial  SBC. 
He  also  main- 
tains that  the 
connect!  ve- 
tisMio  part  of 
the  short  allan- 
toic  cord,  or 
belly-s  t  a  1  k. 
«:ro\\>  arouml 
on  the  whole 
inner  side  of 
the  serosa,  and 
into  the  epi- 
thelial villi. 

His  regards 
a  s  u  n  w  ar- 
rant ed  "the 

a  -sumption,  in  opposition  to  the  actual  state  of  atlairs.  that  the 
human  emhrvo  at  first  separates  it -elf  from  the  part  of  the  bla>t«>- 
dermic  voide  \\hich  is  employed  for  the  chorion,  and  sul>-e»|uently 
unites  with  it  a^ain  by  means  of  the  fundament  of  the  allantois." 
He  does  not  admit  that  the  fundament  of  the  emhryo  in  Man  is 
ever  wholly  con-t  ricted  oil'  from  the  chorion.  as  in  the  remaining 
Mammals,  and  he  rei-< Anises  in  the  belly-stalk  "the  bridge  of 
connection  between  the  fundament  of  the  embryo  and  the 
chorionic  part  of  the  original  l»la>todermic  v.-icle.  which  has 
never  been  severed."  According  to  him.  the  allantois  in  the 
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Fig.  141. -Human  embryo  with  yolk-sac,  amnion,  and  belly-stalk  of 

15  to  18  days,  aftet  COSTE,  from  His  ("Menschlidif  Kiul>r\onen"). 

»i]iu-\\li;it  the  posterior   «ml  of  the  \><>.\\  in  cora- 

l>:iris<m  with  the  nriiriii;il  ti-ure.   in  on't-r  to  Lrini:  int.)  \ie\v  the 

ri^'ht  side  of  the  end  of  the  body,  the  left  side  being  represented 

in  COSTF/S  fig.  4.    The  chorion  is  detached  at  am1,    am,  Anmion  ; 

am\  the  point  of  attachment  of  the  ainnion  to  the  chorion  drawn 

out  to  a  tip;    bit,  lx-1  Mb,  tail-i-ml  ;  us,  jtriinitive  seg- 

ment;    dy,  vitelline  blood-vessels;   in,   yolk-sac:    /<.    h<.n 

.!  aii-h. 
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human  embryo  has  nothing  to  do  with  the  development  of  the 
belly-stalk. 

Neither  of  these  two  explanations  seems  to  me  entirely  satisfactory. 
According  to  my  view,  the  structure  under  consideration  may  be 
explained  in  a  manner  which  is  not  only  in  complete  harmony  with 
the  facts  of  the  case,  but  also  reconciles  the  views  of  KOLLIKER  and 
His. 

As  COSTE'S  embryo  appears  to  show,  the  origin  of  the  belly-stalk  is 
connected  in  the  first  place  with  a  somewhat  irregular  formation  of  the 
amnion.  It  follows  from  the  fact  that  the  latter  is  drawn  out 
posteriorly  to  a  point  (fig.  141  am1),  the  apex  of  which  reaches  to  the 
chorion,  that  its  closure  in  the  human  embryo  takes  place  at  the 
extreme  posterior  end  of  the  body,  and  that  at  the  same  time  a  union 
with  the  chorion  is  retained  at  the  place  of  closure.  The  fundament 
of  the  embryo  therefore  remains  in  connection  with  the  chorion,  not 
directly,  as  His  maintains,  but  only  indirectly  by  means  of  the 
amnion. 

In  the  second  place,  the  allantois,  the  somewhat  eccentric  develop- 
ment of  which  in  the  case  of  Man  is  perhaps  intimately  connected 
with  the  above-mentioned  peculiarity  in  the  formation  of  the  amnion, 
takes  part  in  the  formation  of  the  belly-stalk.  It  is  therefore  proper 
in  this  connection  to  enter  somewhat  more  fully  into  the  allantois- 
question  in  Man,  so  actively  discussed  during  the  last  decade. 

Since  in  other  Mammals  the  allantois  (fig.  142  al)  has  the  form  of 
a  large  stalked  sac,  which  grows  out  from  the  navel  till  it  comes  in 
contact  with  the  serosa  (sz),  and  carries  to  it,  along  with  connective 
tissue,  the  umbilical  vessels,  attempts  have  been  made  ever  and  anon 
to  discover  such  a  structure  in  the  case  of  human  embryos  also.  The 
proof  of  its  existence  in  Man  appeared  to  be  furnished  by  a  premature 
embryo,  on  which  KRAUSE  described  a  spherical,  sac-like  allantois. 

The  embryo  of  KRAUSE  presented,  however,  in  many  respects 
such  deviations  from  other  known  human  embryos  of  the  corre- 
sponding stage  as  to  cause  the  statements  to  be  accepted  on  the  part  of 
many  persons  with  great  reservation,  and  to  permit  the  suggestion 
of  His,  that  in  this  case  it  was  not  after  all  a  human  embryo. 

Upon  critical  examination  of  the  facts  relating  to  the  question, 
I  am  likewise  of  the  opinion  that  in  the  case  of  Man  a  stage  of 
development  with  a  free  allantoicsac  protruding  out  of  the  body-car  /  f  >f 
is  not  reached. 

As  results  from  the  fine  investigations  of  human  embryos  by  His, 
the  belly-stalk  is  found  upon  cross  section  to  be  composed  of : — 
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(1)    Till'  pennalil-like  prol<>i,i.Mtio!i  of  the  Mini. 

r.eiM-ath    thi-.    abundantly    de\.-!op.-d    •  •inf1r\  Mnic   connective 


(3)  Tlir  fundament  of   the  allantois,  which  has  the  form  <>f   a  very 
narn»\v  passage  with  epithelial  liiiini:  : 

(4)  The  umbilical  blood-vessels,   of  which   the   arteries   lie  close 
upon  the  allantoic  duct,  while  the  V(  ins  run  nearer  to  the  amnion. 

To  the  4iie.stion,   H,,\v  have  tl,<  arisen  t  that  appears  to  me 


Fig.  142.— Diagram  of  the  foetal  membranes  of  a  Mammal,  after  TI 

-na  pellucida  with  villi  (prochorion) ;  .-:,  eeroiis  uiciuhrane  ;  u.ii,  aumion     AC,  amniotic 
;  E,  outer  germ-layer  ;   M,  inul-llc  Kt'i'i»-l'\viT  ;   //,  inner  genn-layev ;  UV,  yolk-sac 
(vesica  umbilicalis)  ;  al,  allantoia;  ALC,  alia 

the  most  natural  answer  which  permits  of  being  harmonised  \\ith 
the  known  conditions  in  other  Mammals.  Now,  such  an  agreement 
is  possible  upon  the  following  assumption. 

Very  early,  when  the  hind  gut  begins  to  be  formed,  there  arises 
on  its  ventral  side  as  a  fundament  of  the  allantois  a  knot)  composed 
of  many  cells,  and  containing  only  a  smill  ex-agination  of  the  ento- 
dennic  layer  The  allantoic  knob  does  not ,  IIOW.-V.T.  ^row  free  into 
the  body-cavity,  as  in  the  remaining  .Mammals  (tiur.  1-1-  ul).  but  ex- 
tends alonj;  the  ventral  wall  of  the  embryo,  and.  from  the  }>lace  where 
this  is  reflected  off  to  form  the  amnion,  along  the  ventral  wall  of  the 
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latter  (fig.  141  am1)  up  to  its  place  of  attachment  to  the  chorion. 
The  evagination  of  the  entodermic  layer  meantime  becomes  elongated 
into  the  narrow  allantoic  duct ;  the  more  voluminous  connective - 
tissue  growth  carries  with  it  the  umbilical  blood-vessels  to  the 
chorion,  then  spreads  itself  out  on  the  inner  surface  of  the  latter 
in  the  well-known  manner,  and  penetrates  into  the  villi  of  the 
serosa. 

The  allantois,  therefore,  in  its  development,  instead  of  growing 
out  free  to  the  serosa,  makes  use  of  the  already  existing  connection 
between  the  latter  and  the  embryo  established  by  the  pennant-like 
elongation  of  the  amnion  (am1).  But  this  mode  of  development 
perhaps  results  from  the  fact  that  the  posterior  end  of  the  embryo 
in  Man,  as  fig.  141  shows,  is  closely  attached  to  the  serosa  at  the 
place  of  the  amniotic  suture,  whereby  the  allantois  has  only  a  short 
distance  to  grow  in  order  to  reach  the  serosa. 

Finally,  the  early  appearance  of  the  allantois  will  become  intel- 
ligible to  us,  if  we  remind  ourselves  that  organs  of  great  physiological 
importance  have  in  general  the  tendency  to  an  accelerated  develop- 
ment, and  that  in  the  series  of  Mammals  the  provisions  for  the 
nutrition  of  the  embryo  by  means  of  a  placenta  have  become  more 
and  more  complete. 

While  there  is  still  much  obscurity  about  the  first  stages  of  Man's 
development,  we  possess  more  satisfactory  insight  into  the  changes 
which  the  embryonic  membranes  in  Man  undergo  from  the  third 
week  onward. 

From  this  point  forward  we  shall  examine  each  separate  embryonic 
membrane  by  itself  :  first  the  structures  that  are  developed  from 
the  blastodermic  vesicle — (1)  the  chorion,  (2)  the  amnion,  (3)  the 
yolk-sac ;  then  (4)  the  deciduse  which  are  produced  by  the  mucous 
membrane  of  the  uterus ;  and  finally  (5)  the  after-birth  (placenta) 
and  (6)  the  umbilical  cord. 

1.  The  Chorion. 

During  the  first  weeks  of  pregnancy  the  whole  surf;ir»>  of  the 
chvrion  is  covered  with  villi  (fig.  1325,  p.  226,  and  fig.  140),  and 
provided  with  terminal  branches  of  the  umbilical  blood- v.  V  f  ter 

its  growth  has  proceeded  for  a  time  1111  if  oriuly.  there  hi-.irin  to  ;ip]»o:ir  - 
from  the  beginning  of  the  third  month  onward — differences  between 
the  part  which  lies  directly  against  the  wall  of  the  uterus  that  is 
destined  to  become  the  decidua  serotina  and  the  remaining  greater 
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part,  which  has  IM-COUP-  OVergrOWD  by  tin-  decidua    ivllcxa    (fig.    143). 
While  <»ii  tin-  latter  tin-  \illi  <:')  «•  -as«-  i..  u  the  former  th<y 

merease  enormously  in  si/e  ami  tab-  tin- form  <>f  lonir,  ami  af  the 

ha-e   thick,    treeliko,    branching  .structures    ( :).    which,    unit-d   int., 
tufts,       project 
far  beyond  (In- 
Mil-fact-    of    the 

membranothst 

lu-Ml'v  til.    Ill, 

and  Lrro\v  into 
]>its  of  the  ma 
ternal  mucous 
membrane  (ds). 
This  part,  to 
which  wr  shall 
.u'ivt'  more  par- 
ticular atti-ii- 
tion  at  the 
time  of  inves- 
tiirating  th<> 
mature  }>la 
centa,  is  tln-rf- 
fore  distin- 
guished as 
chorion  fron- 
dosum  from  the  remaining  larircr  part,  tlie  chorion  lave  or  tin- 


Fig.  143.-  Diagrammatic  section  through  the  gravid  human  uterus  with 

contained  embryo,  after  L«M;I  r.  fi-.-n,  15  M  ; 
al,  Stalk  of  tlie  ;illaiit"is  ;  n>>.  nnil>ili<.-.il   vesicle;  am,  amnion  ;  *h 

chorion;    dt,   decidua  serotina;    du,  decid\i;i   vcni ;    dr,   decidu:i 

reflexa;  I,  Fallopian  tube;  c,  cervix  uteri  ;  u,  uterus  ;  ;,  villi  of 

ili.'  f.rta!  iilao-nta  :  .'.  \  illi  «(  tin-  i-hi>ri>ui  laeve. 


The  expression  "  smooth  chorion  "  is,  .strictly  speaking,  not  quite 
applicable.  Of  the  villi  which  are  at  fir>t  everywhere  developed, 
some  afterwards  remain  preserved  on  the  chorion  heve,  especially  in 
the  vicinity  of  the  placenta.  They  grow  into  the  decidua  rellevi. 
etlecting  a  lirm  union  with  it  (fiir.  143  z'). 

At  the  same  time  a  second  distinction  between  chorion  frondoMim 
and  chorion  heve  is  developing.      In  the  territory  of  the  latter 
blood -ve.-v-eK  arising  from  the  umbilical  M  to    dwindle, 

whereas  the  former  becomes  more  and  more  abundantly  supplied 
with  blood-vessels,  and  finally  alone  ivc«-i\e>  the  terminal  distribution 
of  the  umbilical  arteiies.  Thus  the  one  region  becomes  destitute  of 
Is.  \\hile  the  other  becomes  extraordinarily  vascular,  and  the 
nutritive  or^an  for  the  embi 

lli.Moloirically  the  chorion  l;e\e.  which  upon  examination  from  the 
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surface  appears  thin  and  translucent,  consists  of  (1)  a  connective-tissue 
membrane,  and  (2)  an  epithelial  covering,  which  is  identical  with  the 
original  serosa. 

The  connective-tissue  membrane  possesses  at  first  the  character  of 
embryonic  mucous  tissue,  and  exhibits  therefore  branched  stellate  cells 
in  a  homogeneous  matrix.  Subsequently  the  mucous  tissue  is  con 
verted,  as  at  other  places  in  the  body,  into  fibrous  connective  tissue. 

The  epithelium  of  the  chorion  consists  in  the  first  months,  according 
to  the  statements  of  KASTSCHENKO  and  SEDGWICK  MINOT,  of  two 
layers — a  superficial  one,  in  which  no  cell-boundaries  are  visible 
(protoplasmic  layer),  and  a  deeper  one,  in  which  the  individual  cells 
are  distinctly  separated.  Additional  particulars  are  given  in  the 
description  of  the  placenta. 

The  embryonic  adjuncts  enclosed  within  the  chorion — the  amnion 
and  yolk-sac — undergo  in  Man  during  pregnancy  the  following 
changes. 

2.  The  Ainnion. 

The  amnion  (am)  immediately  after  its  origin  lies  close  on  the 
surface  of  the  embryo  (fig.  144),  but  soon  becomes  distended  by  the 
accumulation  of  fluid,  the  liquor  amnii,  in  its  cavity  (fig.  1325).  It 
increases  to  a  much  greater  extent  than  in  other  Mammals,  in  which 
it  is  often  found  to  be  smaller  than  the  allantoic  sac  (compare  the 
foetal  membranes  of  the  Rabbit,  fig.  133).  Finally,  in  Man  it  fills 
out  the  entire  blastodermic  vesicle,  since  it  everywhere  applies  itself 
(fig.  143  am)  closely  to  the  inner  wall  of  the  cliorion  (ch). 

Its  wall  is  rather  thin  and  translucent,  and  also  consists,  like  the 
chorion,  of  an  epithelial  and  a  connective-tissue  layer. 

The  epithelium,  derived  from  the  outer  germ-layer  of  the  embry- 
onic fundament,  lines  the  amniotic  cavity  within,  and  is  continuous 
with  the  epidermis  of  the  embryo  at  the  dermal  navel ;  at  the  place 
of  transition  it  is  composed  of  layers  ;  but  elsewhere  it  is  a  single  sheet 
of  pavement  cells.  The  connective-tissue  layer  is  thin  and  at  the 
navel  continuous  with  the  corium. 

The  amniotic  or  fatal  water  is  slightly  alkaline,  and  contains  about 
1%  solid  constituents,  among  which  are  found  albumen,  urea,  and 
grape-sugar.  Its  volume  is  greatest  in  the  sixth  month  of  pregnancy, 
and  it  often  attains  a  weight  of  not  less  than  a  kilo  [2-2  Ibs.  avoir- 
dupois] ;  then  it  diminishes  to  about  one-half  that  amount  at  the 
time  of  birth,  and  in  the  same  ratio  as  the  embryo  by  its  increased 
growth  demands  for  itself  more  room.  Under  abnormal  circumstances 
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the  s.-fi-.-t ion  i.f  ainniotir  water  can  become  much  greater,  and  < 

by  a  con>iderablr  distension  of   tin-  aiiinioii.  It-ad  to  conditions  which 
have  been  called  dropsy  of  the  amnion,  or  liydnminimi. 


3.  The  Yolk  Sac. 


Tin-  i/oJk-sac  or  the  uml'itiritl  mick  (vesiculu  ninl.ilicalis)  in    Man 
pursues  tlie  opposite  course  of  development  from  that  of  the  ever- 

i  n  e  re  a  s  i  n 

ainnion, 

shrivels 


and 
to  a 
structure  that 
easily  escapes 

r  vat  ion. 
In  human 
foetuses  of  the 
second  a  n  d 
third  week  (fig. 
144)  the  yolk- 
sac  (ds)  fills 
somewhat  more 
than  half  of  the 
1 'lasted  er  mic 
vesicle  and  is 
not  constricted 
off  from  the  in- 
testine, which 

still     has      the 
form       of       a 


Sch 


47  — 
<**__ 


\ 


Tig.  144.-Human  embryo  with  yolk-sac,  amnion,  and  b«lly-»talk  of 
15  to  18  days,  after  Co  M^L-lilii-ln.-  Kinl-ryoncn  "). 

His  has  untwisted  somewhat  the  posterior  end  of  the  body  in  com- 
parison with  the  original  figure,  in  order  to  briny  into  view  the 
right  side  of  the  end  of  the  body,  the  left  side  being  represented  in 
COSTF.'S  fig.  4.  The  chorion  is  detached  at  a >u'.  ant,  Amnion  ;  on1, 
the  point  of  attachment  of  the  amnion  to  the  chorion  drawn  out  to 
a  tip;  btt,  belly-stalk;  Sch,  tail-end;  us,  primitive  segment;  dg, 
vitelline  blood-vessels;  dt,  yolk-wic  ;  h.  In-art;  c>>.  visceral  arch. 

In  somewhat  older  embryos  it  is  seen  to  be  connected  by  means  of 
a  thick  tttiill,-  or  citrUim'  ,lnct  with  the  middle  of  the  rudimentary 
intestine,  now  converted  into  a  tube.  It  is  supplied  with  blood  by 
the  vasa  01  uphalomesent erica. 

During  the  sixth  week  the  vitelline  duct  or  ductus  oinphalome-en 
tericus  has  grown  out  into  a  long,  narrow  tuhe,  wliich  sooner  or  later 
Ltfl  cavity  and  is  converted  into  a  solid  epithelial  cord.  It 
terminates  in  the  small  egg-shaped  umbilical  vesicle  (n'gs.  139  D  and 
143  nb).  Since  the  amnion,  inconsequence  of  a  greater  accumulation 
of  fluid,  now  fills  the  whole  blastodermic  vesicle  (fig.  Mo),  it  has 
enveloped  both  the  vitelline  duct  and  the  neck  of  the  allantois  (al), 
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and,  as  it  were,  surrounded  them  with  a  sheath  (amniotic  sheath). 
The  structure  thus  produced,  the  umbilical  cord,  funiculus  umbilical  i>, 
is  now  the  only  means  of  connection  between  the  embryo,  which 
floats  free  in  the  amniotic  fluid,  and  the  wall  of  the  blastodermic 
vesicle.  Its  attachment  to  the  latter  always  coincides  with  the  place 
where  the  placenta  is  developed. 

By  the  enlargement  of  the  amnion  the  umbilical  vasicle  is  crowded 
out  to  the  surface  of  the  blastodermic  vesicle,  where  it  is  enclosed 
between  amnion  (am)  and  chorion  (ch),  at  some  distance  from  the 
place  where  the  umbilical  cord  is  attached.  It  continues  to  exist 
here  up  to  the  time  of  birth,  although  in  a  very  rudimentary  condition. 
It  is  only  by  painstaking  examination  that  it  is  to  be  found,  usually 

several  inches  away  from  the 
margin  of  the  placenta.  Its 
longest  diameter  measures  only 
from  3  to  10  millimetres.  It 
was  on  this  account  that  the 
older  text-books  of  anatomy, 
physiology,  and  embryology 
contained  the  statement 
that  in  Man  the  vesicula 
umbilicalis  disappeared  as  a 
useless  structure ;  this  idea 
prevailed  until  the  constancy 
of  its  presence  was  demon- 
strated by  B.  SCHULTZE. 


Gl.u 


Tig.  145.— Cross  section  through  the  mucous  mem- 
brane of  the  uterus,  after  KUXDKAT  USD  EXCEL- 

MANN. 

Ol.u,   Uterine  glands ;   M,  muscular  layer  of  the 
uterus, 


4.  The  Deciduae. 

The    deciduce    or    caducous 

foetal  membranes  take  their  origin  from  the  mucous  membrane  of  the 
uterus,  the  structure  of  which  is  greatly  altered  during  pregnancy. 

In  the  unmodified  condition  the  mucous  membrane  is  a  soft  layer 
about  a  millimetre  thick,  which  reposes  directly  and  immovably  upon 
the  musculature  (M)  of  the  uterus,  which  does  not  possess  a  submu< 
in  this  region  (fig.  145).  It  is  traversed  by  numerous  tubular  uterine 
glands  (glandulae  utriculares,  Gl.u),  which  begin  at  the  surface  with 
small  orifices  and  pass  directly  downward  in  a  sinuous  course  close 
to  one  another  until  they  reach  the  musculature  (3f),  where  they 
terminate,  often  after  dichotomous  division. 

Mucous  membrane  and  glands  are  lined  with  ciliate  cylindrical  cells. 
The  connective  tissue  that  separates  the  glands  embraces  an  extra- 
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ordinary  abundance  of  cell  \\  Inch  are  >pindlc->ha|  e  I.  others 

roundish. 

r'rom  the  beginning  of  pregnancy  the  mucous  membrane  undergoes 
very  profound  changes,  \\hich  a  Meet  all  j  •  .ncerning  these  we 

possess  accurate  ohser\ ai  inns,  which  relate  to  every  in  mtli  of  preg- 
nancy,   by    KiNDKAT   UND    K\< ;  i:i.\i  A  N  \ .    as   well    as    by    LKol'ni.D   and 

W|<    K     .M  I  NOT. 

We  take  up  in  succession  (1)  tin-  decidua  vera.  ( '2 )  the  decidua 
rellexa,  and  (3)  the  decidua  semtina  <>r  placcntalis,  tin-  part  which 
riitrrs  into  the  formation  of  the  placenta. 

(1)  Decidua  vera.  As  LEOPOLD  remarks,  with  tin-  beginning  of 
pregnancy  the  mucous  membrane  constantly  increases  in  thickness, 
until  it  becomes  1  cm.  or  more  thick,  up  to  the  time,  indeed,  when 
the  irnmini:  ovum  attaches  itself  completely  to  the  walls  of  the 
uterus,  therefore  approximately  up  to  the  end  of  the  fifth  month. 
From  that  time  forward  there  begins,  as  it  were,  a  second  stage,  in 
whirli.  under  the  pressure  of  the  growing  foetus,  it  again  becomes 
thin  and  finally  is  only  1  to  2  mm.  thick.  Meanwhile  both  the 
glands  and  the  tissue  between  them  undergo  changes. 

During  the  Jirst  staye  the  «(>  m<>>  'jlnn-lx,  which  at  the  beginning 
are  tubes  of  uniform  calibre,  'mmiM  in  size,  especially  in  their 
middle  and  deeper  parts  (tig.  14G);  whereas  at  their  open  end- 
they  are  rectilinear  and  drawn  out  lengthwise,  deeper  down 
they  take  a  spiral  course  and  are  covered  with  evaluations  and 
pocketings. 

Upon  sections  therefore  one  can  now  distinguish  two  layers  in  the 
decidua  vera : — 

(1)  An  outer  more  compact  layer  ((7),  possessing  more  abundant 
cells,  and 

A  deeper  ampullar  or  spongy  layer  (Ny). 

In  t lie  form er  one  sees  the  glands  as  elongated,  parallel  canals. 
In  consequence  of  a  great  growth  of  the  inter-tubular  tissue  they 
are  separated  from  one  another  farther  than  at  tir>;  :  they  begin  at 
the  surface  with  enlarged  funm'1-shniml  /n'fft  (//•).  Tin-  surface  of  a 
mucous  membrane  stripped  off  from  the  musculature  has,  M  KOU.IKKK 

states,  a  sieve-like  appearance,  due  to  the  ei  darned  »  rilices  of  tlie  irlands. 
In     the    tijnnit/1/    latfer    (Sp)    one     encounters     irregular,    lobed 
cavities  (,//,)  one  above  another,  the  capacity  of  which  continually 
increases    up  to  the  middle    of   pivirnaney.  and    which    are    finally 
ated   from  one  another  by  thin  -enta  and    cord*  of  the  matrix- 
tissue  only.     The  appearance  is  explained   by   the  fact  that  in  the 
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middle  of  their  course  the 
glands  are  highly  tortuous 
and  have  enlarged  and  be- 
come pocketed. 

The  ciliate  cylindrical  epi- 
thelium at  the  surface  of  the 
mucous  membrane  of  the 
uterus  gradually  disappears 
entirely;  it  is  destroyed  as 
early  as  the  end  of  the  first 
month  of  pregnancy  (MINOT). 
In  the  glands  it  undergoes 
fundamental  changes.  In 
the  first  months  all  the  cavi- 
ties are  still  lined  with  it,  a 
condition  which,  on  account 
of  the  increase  in  the  size  of 
the  cavities,  presupposes  an 
active  cell-growth.  Mean- 
while the  originally  elongate 
cylindrical  cells  are  in  part 
converted  into  small  cubical, 
in  part  into  small  flat  struc- 
tures, except  in  the  portions 
of  the  glands  which  adjoin 
the  muscular  membrane. 
The  cells  here  preserve  more 
or  less  their  normal  form  up 
to  the  end  of  pregnancy,  and 
subsequently  serve  for  the 
regeneration  of  the  epithelial 
lining  of  the  mucous  mem- 
brane of  the  uteri  i  >. 

In  the  fourth   and   fifth 

Fig.  146.  Cross  Motion  through  the 
mucous  membrane  of  a  uterus  at  the 
beginning  of  pregnancy,  after  KUSD- 
KAT  USD  KM. i  iv 

C,  Compact  layer;  Sp,  spongy  lay«r; 
M,  musculature  of  the  uterus ;  tr, 
funnel-shaped  months  of  the  uterine 
glands ;  e,  enlarged  region ;  dh,  am* 
pullse  produced  by  the  windings  and 
nations  of  the  growing  glands. 
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montlis  one  still    finds  all   ea\iti.  ,   up   to   tin-   mouth   of    the  glands 
lined    with    a    thin    la\er  of   cubical   or   llat    epithelial   cells. 

Likewise    in  tin-   lirst  sta^o  there  occurs  in   the    int-r-^landular 


an   activt-   process  «.f  i;r<»\\;li,  i-sjH'cially  in  the  upper  con 
la\vr.      Jn  this  there  are  formed  spheroidal  .struct  mv>.  .'>0  to  40  ^ 
in  diameter,  which  have  IH-IMI  callrd  ,/«•;. /,«d  cells  l>y  I-'I;IKI>I. \\DEH. 
In  many  place-  they  lie  so  C!OM-   to-.'t  liei-   that.  a>  a   consequence 
and  because  of  their  form,  they  appear  v.-ry  .similar  to  an  epithelium. 


256  EMBRYOLOGY. 

They  are  also  found  in  the  spongy  layer,  but  in  the  cords  and  septa 
they  are  more  elongated  and  spindle-shaped. 

In  the  second  stage,  Jrom  the  sixth  month  forivard,  in  which  the 
decidua  vera  becomes  much  thinner,  and  under  the  pressure  of  tk& 
growing  fcetus  gradually  diminishes  from,  1  cm.  to  2  mm.  in  thickness, 
many  regressive  processes  take  place  in  the  individual  parts  that  have 
just  been  described  (fig.  147). 

The  mouths  of  the  glands,  which  caused  the  sieve-like  condition  of 
the  inner  surface  of  the  decidua,  become  more  and  more  difficult  to 
see  and  finally  disappear  altogether. 

The  inner  compact  layer  (C)  assumes  a  uniform,  compact,  lamellar 
condition,  since  by  the  pressure  the  cavities  of  the  glands  occupying 
it  become  wholly  obliterated,  and  then  by  disappearance  of  the  epithe- 
lium their  walls  become  fused. 

In  the  spongy  layer  (Sp)  the  cavities  of  the  glands  (dh)  persist, 
but,  in  consequence  of  the  pressure,  are  converted  into  fissures,  which 
are  parallel  to  the  wall  of  the  uterus,  and  are  separated  by  partitions 
which  in  comparison  to  earlier  months  of  pregnancy  have  become 
very  much  thinner.  The  glandular  cavities  which  are  adjacent  to 
the  compact  layer  have  lost  their  epithelium  or  exhibit  cellular  debris 
(de),  swollen  bodies,  and  a  slimy  mass  permeated  with  fine  granules  ; 
toward  the  uterine  musculature,  on  the  contrary,  they  possess  a  well- 
preserved  epithelium  of  short  cylindrical  or  cubical  cells. 

(2)  The  decidua  rejlexa  (fig.  148  Dr)  exhibits  close  agreement  in  its 
structure  with  the  decidua  vera.  That  it  has  arisen  from  the  latter 
by  a  process  of  folding  may  be  inferred,  as  KUNDRAT  has  rightly 
maintained,  especially  from  the  circumstance  that  during  the  first 
months  of  pregnancy  the  mouths  of  uterine  glands  (glu),  at  least 
at  the  place  of  transition  to  the  vera,  are  found  upon  both  its  sur- 
faces. The  mouths  lead  into  fissures  (glu)  which  are  parallel  to  the 
surface  of  the  reflexa  and  are  lined  with  cuboidal  epithelium.  In 
the  inter-glandular  tissue  there  appear  the  same  large,  round  decidual 
cells  as  in  the  vera. 

From  the  fifth  month  forward  the  space  between  vera  and  reflexa 
begins  to  disappear  ;  both  membranes  now,  after  loss  of  their  epithe- 
lium, become  firmly  pressed  together,  and  finally  completely  fused 
with  each  other  (fig.  147).  By  this  process  the  reflexa,  from  which 
the  glandular  spaces  disappear  except  in  the  transitional  region, 
becomes  so  extraordinarily  thinned  that  it  constitutes  [in  sections] 
only  a  narrow  band,  occasionally  £  mm.  broad. 

A  separation  of  the  two  membranes  at  the  close  of  pregnancy 
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!  v  ditlicult.  l.ut  occasionally  it   may  >till  be  MOOD  1  li>hetl  to 
extent. 

Moreover  in  later  months  the  inside  of  the  decidua  reflexa   is 
liniily  tuse.l  with  tin-  clioiion,  ami  >ince  the  chorion  in   its  turn  is  in 
with  the  ainnion  (fig.   1-17  /•//  ai.d  am),  one  i  «>u    comes,  by 


Fij.  148.— Section  through  decidua  terotina  ( Dx»  at  the  transition  into  decidua  vent  (&r)  and 

reflexa  (Dr),  afu-r  KTSDHAT 
.i/    Musculature  of  the  uterus  ;  Sp,  spongy  layer  «>i  i  vera  and  serotina;  C,  &• 

layer  of  the  same ;  glu,  uterine  glands  ;  sp,  fissures  in  the  serotina  resulting  from  growth 

of  the  irlamls  ;  <lh.  ampullarial  spin  •  v\'h  of  the  giant's. 

iMittinjr  through  the  muscular  wall  of  the  uterus,  and  then  opening 
the  fretal  membranes,  which  are  thus  pressed  together,  direct lv  into 
the  amniotic  cavity,  in  which  the  embryo  lies  bathed  in  the  amniotic 
fluid. 

(3)  The  third  region   of    the   uterine  mucous  membrane,  or  the 
decidua  serotina  (fig.    148  Dse),  is  that   part  which  joins  with  the 

17 
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chorion  frondosum  to  form  a  nutritive  organ  for  the  embryo, — 
^he  after-birth,  or  placenta. 

According  to  the  statements  of  KUNDRAT  and  LEOPOLD  it  under- 
goes changes  similar  to  those  of  the  decidua  vera.  Here  also  the 
uterine  glands  grow  rapidly  in  its  deeper  portions  (fig.  148)  and  are 
converted  into  irregular  spaces  (dh),  which  are  from  the  beginning, 
however,  most  extended  in  breadth.  Subsequently  they  are  crowded 
together  still  more  by  the  pressure  and  the  growth  of  the  placenta 
until  they  become  narrow  fissures  which  lie  parallel  to  the  surface 
of  the  uterus. 

The  glandular  epithelia  disintegrate  to  a  still  greater  extent  than 
in  the  vera,  and  by  disintegrating  and  swelling  up  become  detached 
from  the  connective-tissue  walls ;  only  those  regions  of  the  glands 
which  are  adjacent  to  the  muscular  layer  ( M)  retain  their  cylindrical 
cells. 

In  this  presentation  KUNDRAT  and  LEOPOLD  disagree  with  KOLLIKER 
and  with  TURNER,  who  likewise,  it  is  true,  find  great  spaces  in  the 
deeper  layer  of  the  serotina,  but  interpret  them  for  the  most  part 
as  greatly  enlarged  blood-vessels,  an  assumption  according  to  which 
there  would  exist  an  important  difference  between  the  serotina  and 
the  vera. 

In  the  superficial  layer  the  outlets  of  the  glands  must  disappear 
early,  since  they  become  pressed  together.  Besides,  more  active  cell- 
proliferation  takes  place  in  the  inter-glandular  tissue. 

Therefore  the  decidua  serotina  (fig.  148  Dse)  is  also  converted 
into  two  readily  distinguishable  layers  : — 

(1)  A  deeper  spongy  layer  (Sp),  in  which  the  detachment  of 

the  placenta  subsequently  takes  place,  and 

(2)  A  superficial,  more  compact  layer  ( C).    The  latter  alone  shares 

in  the  formation  of  the  placenta,  and  is  accordingly  called 
the  placenta  uterina  (or  materna).     It  undergoes  from  the 
second  month  forward  more  profound  alterations. 
We  shall  become  acquainted  with  these  in  the  description  of  the 
placenta,  to  which  we  now  pass. 

5.  The  Placenta. 

The  placenta  is  a  very  vase  alar,  and  when  filled  a  spongy  or  doughy, 
disc-shaped  structure,  which  at  the  height  of  its  development  mea- 
sures 15  to  20  cm.  in  diameter  and  is  3  to  4  cm.  thick.  Its  weight 
reaches  somewhat  more  than  a  pound  (500  grammes).  The  surface 
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\vinVh  is  turned  toward  tin-  emliryo  is  concave  (figs.  139  and  143) 
and  altogether  smooth.  >ince  it  possesses  a  covering  of  the  aranion 
(am) ;  the  surface  which  reposes  on  the  wall  of  the  uterus  is  convex, 
ut'ti-r  its  detachment  at  birth  feels  uneven,  and  is  divided  by  deep 
furrows  into  separate  lobes  or  cotyledons. 

The  normal  position  of  the  placenta  is,  in  tin-  majority  of  cases, 
at  tht>  fundus  uteri,  where  it  is  sometimes  developed  more  to  the 
left  side,  sometimes  more  to  the  right.  Consequently  the  opening 
of  one  or  the  other  of  the  Fallopian  tubes  may  be  covered  and  sealed 
by  it. 

In  rare  caaea  tlw  placenta,  instead  of  being  attached  to  the  fundus, 
is  united  to  the  wall  of  the  uterus  nearer  its  mouth  [os  uteri].  This 
results  from  the  fact  that  the  fertilised  egg,  when  it  passes  from  the 
Fallopian  tube  into  the  cavity  of  the  uterus,  sinks  down  farther 
owing  to  abnormal  conditions,  instead  of  attaching  itself  at  once  to 
the  mucous  membrane. 

Occasionally  the  attachment  takes  place  quite  low,  in  the  immediate 
vicinity  of  the  inner  mouth  of  the  uterus.  In  this  case,  as  the 
placenta  with  the  growth  of  the  foetus  extends  itself,  it  grows  either 
partly  or  wholly  over  the  mouth  of  the  uterus,  and  closes  it  more 
or  less  completely.  This  anomaly  is  known  as  placenta  prcevia 
(lateralis  or  centralis)  and  presents  a  dangerous  condition,  because 
the  regular  progress  of  birth  is  disturbed. 

In  consequence  of  the  low  position  of  the  placenta  perilous  bleeding  is  pro- 
duced, either  during  pregnancy,  or  at  least  at  the  beginning  of  labor  j 
because  the  placenta  detaches  itself  from  the  wall  of  the  uterus  prematurely, 
whereby  large  blood-vessels  are  ruptured  and  laid  open. 

In  the  investigation  of  the  finer  structure  of  the  placenta  serious 
obstacles  are  encountered,  since  it  is  a  very  soft  oriran  traversed  by 
numerous  capacious  blood-vessels.  Therefore  very  contradictory  \ 
still  prevail  concerning  many  points  which  are  of  the  greatest 
importance  in  judging  of  the  structure.  It  does  not  appear  to  me 
possible  to  give  at  present  a  final  opinion  upon  these  points. 

In  the  description  it  is  best  for  us  to  start  with  the  fact  that  the 
placenta,  as  was  previously  stated,  is  composed  of  two  parts, — of  one 
part  which  is  furnished  by  the  embryo,  and  another  part  which  is 
produced  by  the  mother, — the  placenta  foetalis  and  the  placenta 
uterina  (Plate  II.). 

The  placenta  f&talis  is  the  part  of  the  chorion  (chorion  frondosum) 
which  is  thickly  covered  with  much-branched  villi.  The  villi  (z), 
united  into  great  tufts  or  cotyledons,  elevate  themselves  from  a  firm 
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membrane,  the  membrana  chorii  (m),  in  which  the  chief  branches 
of  the  umbilical  arteries  and  veins  take  their  course.  They  consist 
of  (1)  large  main  stems  (z),  which  grow  straight  out  from  the  mem- 
brana chorii,  and  the  ends  of  which  (hl)  sink  into  and  firmly  unite 
with  the  placenta  uterina,  which  faces  them,  and  (2)  numerous  lateral 
branches  (f)  which  arise  on  all  sides  at  right  angles  or  obliquely, 
and  which  are  in  turn  covered  with  fine  twigs.  A  small  part  of 
these  (A3)  also  fuse,  by  means  of  their  tips,  with  the  tissue  of  the 
placenta  uterina  (LANGHANS),  so  that  a  separation  of  the  foetal  and 
the  maternal  portions  can  be  accomplished  only  by  forcible  detach- 
ment. KOLLIKER  has  therefore  appropriately  divided  the  branches 
of  the  chorionic  villi  into  roots  of  attachment  (A1,  h2)  and  free  pro- 
cesses (/). 

To  each  arborescent  chorionic  villus  there  goes  a  large  branch  of 
an  umbilical  artery,  which,  corresponding  to  the  ramifications  of  the 
former,  is  divided  up  into  branches ;  the  capillary  networks  which 
arise  from  thL  are  situated  quite  superficially  immediately  under 
the  epithelium  of  the  villi.  From  this  network  the  blood  is  collected 
into  vessels,  leading  from  the  villi,  which  are  again  united  into  a 
sii!<;le  chief  stem  that  emerges  from  the  chorionic  tuft. 

Consequently  the  vascular  system  of  the  placenta  fcetalis  is  entirely 
closed.  A  direct  mingling  of  the  foetal  and  maternal  blood  cannot 
take  place  in  any  manner ;  on  the  other  hand  the  prerequisite  for 
an  easy  exchange  of  fluid  and  gaseous  components  of  the  blood 
is  furnished  by  the  very  superficial  position  of  the  thin-walled 
capillaries. 
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section  through  tlie  human  placenta  at  the  middle  of  the  fifth 
month,  after  LEOPOLD. 

The  musculature  of  the  uterus  is  followed  by  the  spongy  layer  of  the  decidua 
serotina  (sp\  in  which  the  separation  of  the  placenta  takes  place  at  birth 
along  the  line  of  separation  indicated  by  two  heavy  marks  ;  this  is  followed 
by  the  compact  layer  ( CS),  which  is  thrown  off  at  birth  as  the  placenta  uterina, 
and  which  consists  of  the  (WJNKLER'S)  basal  plate  (£P),  closing  plate  (Schluss- 
plattc)  (&P),  cavernous  blood-spaces  (r),  the  arteria  advehentes  (a),  and  the 
marginal  sinus.  The  placenta  foetal  is  has  grown  into  the  placenta  uterina; 
it  consists  of  the  membrana  chorii  (ni)  and  the  villi  (z)  arising  from  it ;  on 
the  latter  are  to  be  distinguished  the  roots  of  attachment  (A1,  A2)  and  the  free 
processes  (/).  [ep,  Foetal  epithelium  derived  from  the  serosa.]  The  chorion 
is  still  covered  internally  by  the  amnion.  [The  foetal  part  of  the  placenta  is 
reproduced  in  blue,  the  maternal  part  in  black  and  brown  :  pink  indicates  the 
blood -spaces.] 
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with   Mellate  :in«i   spindle-shaped   cells   in   tin-   liuier  branches  ;    r 
larger  stems  it  takes  on  a  more  fibril  la  r  eondit  i»n. 

The  views  of  investigators  are  still  at   variance  upon  tin-  imp.  >i 
point  whether  the  epithelium  of  t/i>:  niembran<i  6&OTM  (md  (!»•  /•////  is 
of  foetal  or  maternal  origin.     KOI.UKKU,    LAN«.II\NS,  LEOPOLD,  and 
others  derive  it  from  the  cells  of  the  serosa,  whereas  KKI<>I,\M 
Ti  KNKK,  whom  BALFOUR  has  followed  in  his   text-book,  Mate,  more 
or  less  explicitly  tliat,  although  originally  the  cells  of   the  M 
cover  the  villi  as  an  epithelium,  during  the  mutual  int.T-mwth  of 
the  placenta  fostalis  and  the  placenta  uterina  they  peri.-h.  an<l  are 
replaced  by  proliferating  cells  of  the  decidua  serotina. 

The  recent  investigations  of  KASTSCHENKO  and  SEDGWICK  MIN^I, 
as  well  as  the  observations  of  WALDEYER,  KUPFI  I.K.  CKAF  SIM  :i:, 
and    KEIBKI,.    all'ord    much   enlightenment    on    this    controv 
suhject. 

K  ANTM  IIKNKO,  who  has  most  carefully  investigated  tin-  epitlr.  limn 
of  the  chorion  frondosuui  in  the  different  months  of  preir  nancy, 
and  with  whom  recently  S.  MINOT  essentially  agrees,  can  readily 
distinguish  two  layers:  (1)  a  cell-layer  (LANGHANS),  which 
immediately  upon  the  gelatinous  substance  of  the  villi  and  the 
connective-tissue  membrana  chorii,  and  in  which  the  limits  of  some 
of  the  cell-territories  may  be  made  out,  and  (2)  a  multinuclear 
protoplasmic  layer,  in  which  separate  cells  cannot  be  demonstrated 
in  any  manner.  These  layers  are  rather  sharply  coutiaMed  from 
each  other. 

The    double  layered    chorionic    epithelium    is   already   distinctly 

nt  in  eggs  four  weeks  old,  as  is  conJirmed  by  KLPFKER,  GRAF 

SPEE,  and  KEIBEL.     The  deeper  layer  con-i^ts  of  a  single  sheet  of 

well-marked  cubical  cells;  the  outer  layer  discloses  at  the  free  surface 

a  striated  border,  the  significance  of  which  is  obscure. 

In  the  following  months  the  chorionic  epithelium  undergoes  note- 
worthy alterations.  The  deeper  layer  becomes  thickened  in  n. 
places  intosperial  cell-patrhe>,  in  which  the  elements  are  much  super- 
posed. The  outer,  protoplasmic  layer  changes  still  more;  it  is 
converted  into  a  hyaline,  peculiarly  lustrous  Mil»tanre,  which  i-> 
traversed  by  numerous  fisMiiv>  and  sj  ares,  and  has  therefore  received 
from  LANGHANS  the  name  "canalised  fibrin. 

There  is  one  conclusion  that  in  my  opinion  results  from  the>e  in\e>- 
tigations:  the  view  of  TURNER,  according  to  which  the  chorionic 
epithelium  is  replaced  in  the  course  of  pregnancy  by  uterine 
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epithelium,  must  be  abandoned.  The  chorionic  epithelium,  which  is 
derived  from  the  serosa,  is  preserved  ;  it  constitutes  in  any  event  the 
deeper  layer,  composed  of  epithelial  cells,  which  lies  immediately  on  the 
membrana  chorii  or  the  gelatinous  tissue  of  the  villi.  Perhaps  there 
belongs  to  it  in  addition  the  so-called  protoplasmic  layer  and  the 
canalised  fibrin.  However,  the  source  and  significance  of  these 
structures,  especially  the  latter  substance,  appear  to  me  to  be  less 
satisfactorily  explained,  and  to  be  in  need  of  still  further  investiga- 
tions, in  which  the  question  of  its  origin  from  the  maternal  mucosa  is 
not  to  be  overlooked.  For  even  if  TURNER  has  erred  in  regard  to 
the  degeneration  of  the  chorionic  epithelium,  he  is  probably  in  the 
right  in  the  second  point,  that  the  whole  surface  of  the  chorion 
frondosum  is  directly  invested  by  a  layer  of  maternal  tissue. 

The  connective-tissue  framework  of  the  chorion  frondosum,  then, 
is  provided,  as  I  think  must  be  assumed,  with  a  double  investment : 
(1)  with  a  fatal  epithelium,  derived  from  the  serosa,  and  (2)  with 
a  layer,  however  thin  it  may  be,  of  maternal  tissue. 

I  shall  endeavor  to  establish  this  view  in  now  turning  to  the 
discussion  of  the  placenta  uterina,  the  structure  of  which  likewise 
presents  great  difliculties,  and  is  therefore  interpreted  in  very  dif- 
ferent ways. 

The  placenta  uterina  is  developed  out  of  the  part  ot  the  uterine 
mucosa  designated  as  decidua  serotina  (fig.  148  Dse).  At  birth  it 
detaches  itself,  like  the  corresponding  part  of  the  decidua  vera,  from 
the  inner  surface  of  the  womb  at  the  line  of  separation  shown  on 
Plate  II.,  by  the  breaking  down  of  the  thin  connective-tissue  septa  of 
the  underlying  spongy  layer.  It  then  forms  a  thin  membrane  of  only 
0-5  to  1  mm.  thickness,  the  basal  plate  of  WINKLER  (Plate  II.  BP), 
and  forms  a  complete  investment  over  the  placenta  fretalis,  which 
it  covers  up  at  the  time  of  the  detachment  of  the  fatal  membranes. 
At  the  margin  it  is  directly  continuous  with  the  vera  and  reflexa 
(fig.  148). 

The  surface  turned  toward  the  wall  of  the  uterus  is  divided  by 
deep  furrows  into  separate  divisions.  Larger  and  smaller  par- 
titions, the  septa  placentae  (figs.  139  and  143),  corresponding  in 
position  to  the  furrows,  arise  from  the  opposite  surface  of  the  mem- 
brane and  penetrate  in  between  the  chorionic  villi  (fig.  143  z) ;  they 
always  unite  a  small  number  of  these  into  a  tuft  or  a  cotyledon.  If 
we  imagine  the  cotyledons  wholly  removed,  there  would  be  formed 
in  the  placenta  uterina  a  corresponding  number  of  irregular  com- 
partments. These  are  in  turn  subdivided  into  smaller  and  mort 


Till:    KKTAI.    MEMBRANES    OF    MAN.  263 

shallow  compartments  by  finer  connect! ve-tissue  from 

tin-  membrane  and  the  septa. 

The  edges  of  the  septa  do  not  reach  to  the  roots  of  the  villi  in 
the  middle  of  the  placenta,  hut  only  in  a  narrow  peripheral  region, 
where  they  come  into  immediate  contact  with  tin-  membrami  chorii 
(Plate  JI.  //<),  and  are  joined  together  nnderneat  h  it  into  a  thin, 
closely  applied  membrane,  which  is  pierced  by  the  roots  of  the  villi. 
This  has  been  called  by  WINK  I.I:K  cA/x///y  /,/*//••  ( Schlu»platte,  SP), 
by  KOI.I.IKKK  decidua  placentalis  suhchorialis.  Still  more  appro 
priate  is  the  term  employed  by  WALDEYER,  subchorial  terminal  ring 
(Sclilus-rini:),  because  it  is  thereby  stated  that  the  membrane  in 
([notion  is  present  only  at  the  margin  of  the  placenta,  leaving  the 
middle  area  of  the  chorion  free. 

The  connective-tissue  framework  of  the  placenta  nterina  {Assesses 
in  general  the  properties  of  the  compact,  abundantly  cellular  . 
of  the  decidua  vera  and  reflexa,  but  exhibits  one  peculiarity  in  the 
presence  of  a  very  special  form  of  cells,  the  so-called  giant  celts. 
are  large  masses  of  protoplasm  appearing  yellowish  ^rivy,  and 
with  from  ten  to  forty  nuclei ;  they  begin  to  develop  in  the  fifth  mont  h, 
and  are  found  in  the  after-birth  in  great  numbers;  they  lie  partly 
in  the  ha.-al  plate,  partly  in  the  septa,  ordinarily  in  the  immediate 
vicinity  of  large  blood-vessels;  but  they  are  also  found  isolated  in 
the  spongy  layer  of  the  decidua  serotina  and  even  between  the 
adjacent  muscle-bundles  of  the  uterus. 

The  greatest  difficulties  in  the  investigation  of  the  placenta  uterina 
are  caused  by  its  blood-courses.  Numerous  spirally  twisted  arterial 
Mems  (Plate  II.  a)  penetrate  through  the  muscular  layer  of  the  womb, 
and,  passing  through  the  spongy  layer,  reach  the  basal  plate  of  the 
placenta  uterina,  where  their  structure  undergoes  important  changes. 
For  they  here  lose  their  muscular  layer,  and  now  appear  as  large 
tubes,  lined  with  endothelium  only.  From  the  basal  plate  they 
penetrate  in  part  into  the  septa  placentae.  From  here  they  are 
not  to  be  followed  further  as  closed  vessel>  \  «  *  to  capillaries 

does  not  take  place  aniin-1,,-,-,-.  On  the  contrary,  it  can  be  proved  that 
through  openings  in  the  basal  plate  and  the  septa  they  pour  their 
blood  into  a  system  of  cavities  between  the  chorionic  villi.  /.<.,  into 
the  interriltoiiff  or  inti-<i/>l<t'  ":es  (c).  The  latter  are  bounded 

on  the  one  side  by  the  membra na  chorii  (in)  with  its  villi  (~),  on  tin- 
the  other  side  by  the  basal  plate  (/?/')  with  its  septa. 

The  blood  is  collected  from  this  system  of  ea\ernous  spaces  into 
large  reins,  which  are  likewise  simply  tubes  lined  with  endothelium. 
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These  are  distributed  as  a  network  in  the  septa,  as  well  as  in  the  basal 
and  closing  plates  of  WINKLER,  and  they  begin  with  narrow  openings, 
which  connect  with  the  intervillous  spaces.  At  the  margin  of  the 
placenta  they  are  joined  together,  and  thereby  produce  the  marginal 
sinus  (Plate  II. ),  or  the  ring-like  sinus  of  the  placenta.  This,  however, 
is  not  to  be  regarded  as  a  vessel  of  uniform  calibre,  but  as  a  system 
of  irregular  spaces  joined  together. 

In  virtue  of  the  conditions  described,  the  chorionic  villi  are  directly 
bathed  by  the  maternal  blood.  At  the  same  time,  from  what  has 
already  been  said,  it  is  to  be  seen  that  the  motion  of  the  blood  is 
retarded,  owing  to  the  great  enlargement  of  the  blood-courses,  and 
that  it  is  irregular,  corresponding  to  the  form  of  the  intervillous 
spaces.  In  general  the  motion  of  the  blood  is  from  the  middle  and 
from  the  convex  side  of  the  placenta,  where  the  arteries  chiefly  enter, 
toward  its  concave  surface  and  its  margin. 

The  question  as  to  the  significance  and  the  origin  of  the  intervillous 
blood-spaces  constitutes  the  key  to  the  comprehension  of  the  structure 
of  the  placenta. 

According  to  one  view,  which  for  a  long  time  was  the  dominant 
one  in  Germany,  and  is  defended  by  KOLLIKER,  LANGHANS,  and  others, 
the  intervillous  spaces  originally  have  no  connection  with  the  maternal 
blood-system.  Developmentally  they  are  nothing  but  spaces  between 
chorion  and  uterine  mucosa,  and  owe  their  existence  to  the  fact  that 
the  two  structures  have  not  everywhere  come  in  contact,  but  have 
acquired  firm  connection  only  by  means  of  the  tips  of  the  villi.  The 
spaces  in  the  earliest  stage  would  be  bounded  by  the  epithelium  of 
the  villi  and  the  maternal  mucosa.  LANGHANS  therefore  designates 
thorn  as  placental  spaces.  According  to  this  view  they  would  acquire 
their  blood-contents  later  only,  and  in  this  way,  as  KOLLIKER  ex- 
pre.uos  it :  "  The  proliferating  chorionic  villi  everywhere  corrode, 
and  in  part  destroy  the  maternal  placental  tissue,  and  thus  produce 
an  opening  of  their  vessels,  which  must  naturally  lead  to  a  gradual 
penetration  of  the  maternal  blood  into  the  intervillous  spaces." 


This  view  has  been  modified  by  other  observers  (BBAXTON  HICKS,  AHLPELD, 
RUGE,  and  others)  to  this  extent,  that  the  intervillous  spaces,  even  in  the 
mature  placenta,  do  not  normally  contain  blood  nor  have  connection  with 
the  maternal  blood-vessels.  The  almost  universally  received  views  concerning 
placental  nutrition  are  thus  called  in  question.  The  denial  of  a  regulated 
blood-circulation  has  induced  the  further  hypothesis,  that  a  uterine  milk, 
<xs  in  the  Ruminants,  is  secreted  by  the  cells  of  the  decidoa  serothia  into  the 
intervillous  spaces,  and  is  taken  np  by  the  foetal  villi. 


THE     I'lKTAI.     \ir.MHK  \\l.<    "K     V\V 


365 


According  to  the  second  ill  ife  view,  which  tii, 

defenders  in  VIK<  :i<>w.  TIKM:I;.   Ki;<  n.  \\"  M.DI:M:H.  and 

others,  the  interrillous    spaces    ar*   mit/iiii;/  »•/.*•   thun   t/f  •/ 
enlarged  ct'^l/l«iri/  blood-vessels  oj  /•//"/  //""-, >sn.     (  horion  and 

decidua    serotina  early  unite  very  intimately  by  means  of  their  Mir- 

!  hat  no  fissures  are  left  l>ct\veen  them.     The  villi  «;row 
the   mucous  tissue,  the 
Mipi'i-i'n-ial  capillaries  of 
which  enlarge  to  capa- 
cious spar 

If  this  view  is  cor- 
rect, the  chorionic  villi 
will  necessarily  be  sur- 
rounded on  all  sides  by 
thin  coverings  of  ma- 
ternal tissue,  or,  since 
a  partial  degeneration 
of  the  covering  would 
certainly  be  possible, 
there  will  of  necessity 
be  at  least  a  stage  in  the 
development  in  which 
such  a  covering  will  be 
demonstrable. 

RCOLANI,          KOMITI,        p.^  149  _Dia&rammatic  representation  of  the  finer  struc- 
ture of  the  human  placenta,  after  TCKNCB. 
F,  P.acenta  foetalLs ;    M.   i»;.-uv:ita  uterina;  ca,  tortuous 
artery  ;  up,  vrin  which  conducts  the  blood  away  from 


the  intervillous  maternal  blood-sinua  (<f) ;  x,  a  con- 
tinuation of  the  maternal  tissue  over  the  vilh 

outside  the  layer  tf  (the  metamorphosed  epithelium 
of  the  uterine  mucoja),  and  is  probably  a  conn 
tissue  membrane  \\nli  \.i--ular  endotheliuin  ;  f,  cords 
of  the  placenta  uterina.  uhu-h  unite  with  the  tips  of 
some  of  the  foetal  villi  (Haftwuiveln) ;  ds,  decidua 
serotina  of  the  placenta, 


and  TURNER  have  in 
fact,  as  has  been  pre- 
viously stated,  expressed 
themselves  to  the  effect 
that  probably  the  epi- 
thelial layer  resting 
upon  the  connective- 
tissue  axis  of  the  villi 
is  not  the  original  chori- 
onic epithelium  derived  from  the  serosa,  but  a  o> \vring  which  arises 
from  the  decidua  placentalis — a  view  the  untenaMfne-ss  of  which  has 
ah cail v  been  shown. 

In  the  diagram  which  TURNER  has  sketched  to  illustrate  hi 
of  the  structure  of  the  human  placenta  (fig.  149)  the  real  original 
villous  epithelium  is  degenerated 

The  cell-layer  e'  is  the  epithelium  of  the  uterine  murosa,  into  which 
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the  villous  tufts  (F)  have  grown,  and  with  which  the  most  intimate 
contact  everywhere  prevails.  Outside  the  epithelium  TURNER  de- 
scribes in  addition  a  thin  membrane  (#),  which  he  interprets  as  an 
exceedingly  thin  connective-tissue  layer,  upon  which  is  probably  to 
be  found  an  endothelial  covering  which  lines  the  blood-spaces.  The 
cords  indicated  by  t  are  connective-tissue  strands  of  the  maternal 
mucosa,  which  join  the  tips  of  certain  foetal  villi  with  the  septa 
placentae  (ds\  by  which  the  origin  of  the  so-called  attachment- 
roots  (Haftwurzeln)  is  explained.  The  great  blood-spaces  d'  are 
simply  enormously  enlarged,  superficially  located  capillaries  of  the 
mucosa. 

The  exact  determination  of  the  true  state  of  affairs  is  coupled  with 
great  difficulties. 

However,  it  seems  to  me  that  the  second  of  the  two  hypotheses 
cited,  according  to  which  the  intervillous  spaces  are  the  enlarged 
maternal  capillaries,  is  the  more  probable  because  the  more  natural, 
and  the  following  facts  especially  appear  to  me  to  favor  it : — 

(1)  From  a  comparative-anatomical  point  of  view  it  can  be  main- 
tained that  in  all  Mammals  where  a  special  adaptation  to  intra-uterine 
nutrition  is  developed,  the  epithelial  surfaces  of  the  chorion  and  the 
mucous  membrane  of  the  uterus  lie  directly  on  each  other,  and  with 
the  increase  of  surface  produced  by  the  formation   of  folds  effect 
mutual  ingrowth.     An  intra-placental  fissure,    such  as  LANGHANS 
and  KOLLIKER   assume   for  Man,   is   found   nowhere   else    among 
Mammals.     We  also  see  in  some  instances  how  the  capillaries  of 
the  uterine  mucosa  become  enlarged  and  acquire  attenuated  walls 
(Rodents,  Carnivora,  etc.),  so  that  the  fcetal  villi  are  almost  directly 
bathed  in  maternal  blood.     The  enlargement  of  the  blood-courses  in 
Man  may  therefore  be  regarded  as  afurtfier  elaboration  of  an  already 
existing  arrangement. 

(2)  That   capillaries   become  metamorphosed    into    a   cavernous 
system  is  also  realised  in  other  parts  of  the  human  body  (corpora 
cavernosa  of  the  sexual  organs),  whereas  Hie  employment  of  spaces 
lying   outside  the   blood-courses  as  component  parts  of  the  vascular 
system  would  be  a  phenomenon  without  analogy. 

(3)  In  the  placenta  uterina  the  capillaries  originally  present  are 
wanting  between  the  arteries  and  veins,  whereas  they  ought  to  be 
demonstrable,  if  they  have  not  been  converted  into  the  inter  villous 
spaces. 

(4)  The  exposition  which  LEOPOLD  has  given  of  the  development 
of  the   placenta   in   the   second   month   of  pregnancy   favors   the 


Till  Mi:M!'.i;\NE8    OF    MAN.  L'G7 

:.d  of  the  hypothe.-es  cited.  ••  Villi  and  the  tissue  of  thedecidua/' 
lie  suvs,  u become  shoved  into  «-uch  other,  as  one  can  interlock  i  he 
outspread  lingers  of  tin-  two  hands.  It'  n<»u  the  blood-vessels  of  the 
serotina  be  followed,  one  will  recognise  here  the  greatly  enlarged 
••apillary  network  of  the  surface,  upon  which  I  ho  egg  comes  to  lie 
when  it  lodges.  But  its  innumerable  vessels  apparently  continue 
with  the  sprouts  of  the  decidua  to  grow  touard  the  villi,  and 
become  distended  and  more  voluminous  ;  on  the  other  hand  the  villi 
increase  rapidly  in  si/.e,  and  thus  it  is  intelligible  that  the  n<-w 
branches  of  the  villi,  whose  stems  have,  as  it  were,  sucke  1  themselves 
t'a-t  in  the  decidua  by  means  of  their  tips,  at  once  encounter  the  en- 
larged capillaries  of  the  surface,  and  press  forward  against  these  and 
break  into  them." 

The  weightiest  objection  that  can  be  brought  against  this  ii 
[•relation  is  the  assertion  of  many  investigators  that  the  chorionic 
villi  are  not  covered  with  a  mantle  of  maternal  tissue,  and  that  the 
intervillous  spaces  are  not  lined  with  vascular  endothelium.  How- 
ever, it  is  precisely  upon  this  point  that  more  exhaustive  and 
(specially  ontological  investigations  are  doirable.  For  one  is  not 
at  liberty  to  draw  conclusions  from  the  conditions  of  "delivered" 
placentae,  since  degeneration  may  have  taken  place.  Moreover 
TURNER  and  LEOPOLD  claim  to  have  demonstrated  endothelia  at 
rertain  places  of  the  intervillous  spaces.  But  especially  decisive 
here  appear  to  me  to  be,  first,  the  important  investigations  which 
WAI.DKYKK  has  recently  published  upon  the  placental  circulation  in 
Man,  and,  secondly,  KEIBEL'S  very  noteworthy  preliminary  commu- 
nication upon  the  embryology  of  the  human  placenta. 

WALDEYER  has  injected  the  maternal  Mood-vessels  of  placentae 
which  still  possessed  their  normal  attachment  to  the  uterus,  and  has 
prepared  sections  through  the  hardened  organ.  He  finds  that  the 
intervillous  spaces  are  nothing  else  than  the  enormou-ly  enlarged 
maternal  blood-vessels,  and  that  at  many  places  there  is  still  present 
outride  the  villou>  epithelium  a  layer  of  flat  cells,  which  In-  is  inclined 
to  interpret  as  vascular  endothelium.  He  appropriately  comp 
tjie  intrusion  of  the  chorionic  villi  into  the  intervillous  blood-spaces 
with  the  ingrowth  of  the  arachnoideal  villi  into  the  blood-sinus  of 
the  dura  mater,  carrying  before  them  imaginations  of  the  endothelial 
covering  of  the  latter. 

KEIBEL  has  investigated  by  means  of  sections  a  well  prec 
and  prepared  human  embryo,  which  was  in  about  the  middle  of  the 
fourth  week.     He  saw  the  villi  (fig.   150  Z),  which  were  provided 
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with  numerous  secondary  sprouts  and  were  clothed  in  a  two-layered 
chorionic  epithelium,  already  attached  by  their  tips  in  the  maternal 
tissue  (attachment  villi),  and  also  the  intervillous  spaces  Jilted  with 
maternal  blood.  But  this  was  distinctly  separated  from  the  chorionic 
epithelium  by  a  special  thin  cellular  membrane  (E).  This  membrane 
consisted  of  very  thin  endothelial  cells,  and  was  frequently  elevated 
more  or  less  from  the  chorionic  villi,  probably  owing  to  the  method 
of  preparation.  KEIBEL  justly  concludes  from  the  establishment 
of  the  existence  of  an  endothelial  membrane  that  the  intervillous 
spaces  are  the  enormously  dilated  maternal  capillaries. 

Between  the  chorionic  epithelium  and  the  walls  of  the  maternal 

chorionic  blood-vessels. 


;•"  chorionic  epithelium. 
''  ;naternal  endothelium.  B. 


**"  ://  efferent") 

Z.  afferent  jblood-ve'*<l*. 

Tig.  150.— Diagram  of  the  structure  of  the  human  placenta  from  an  embryo  four  wesks  old, 
after  KEIBEL. 

2,  Chorionic  villi ;  Sp,  attachment  of  the  tips  of  the  same  in  the  maternal  decidua  (D) ;  C,  en- 
larged maternal  b'.ood-capillaries. 

capillaries  KEIBEL  finds  no  further  remnant  of  maternal  tissue  in 
the  very  young  ovum.  This  would  indicate  an  early  and  complete 
disappearance  of  the  uterine  epithelium,  and  would  make  it  probable 
that  the  protoplasmic  layer  and  the  canalised  fibrin  described  at 
p.  261  are  to  be  derived  from  the  cell-layers  of  the  chorion,  a  mooted 
point  concerning  which  I  have  been  unable  to  form  a  definite  opinion. 
Thus  the  observations  are  increasing  which  favor  a  special  limita- 
tion of  the  intervillous  spaces  and  the  existence  of  a  thin  layer  of 
maternal  tissue,  a  vascular  endothelium,  upon  the  villi. 


6.  The  Umbilical  Cord. 

The  umbilical  cord  (funiculus  umbilicalis)  constitutes  the  union 
between  the  placenta  and  the  embryonic  body  (fig.  143).    It  is  a  cord 
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al>out  as  thick  as  the  little  lingi-r  (  1  1  - 1  •"»  nun.  or  n-f>  inch).  :u,.l  &1 
the  considerable  length  of  50  to  60  cm.  cjui'l  inches).      Italm<>-t 
always  exhibits  a  very  pronounced  t/tirtil  tn-i.xt.  which,  regarded  from 
tin-  embryo,  runs  usually  from  left  to  right. 

There  are  often  knot-like  thickenings  of  the  umbilical  cord,  which 
may  be  due  to  either  of  two  causes.  l-'or  the  most  part  they  are 
due  to  an  i IK  reaped  growth  here  and  there  in  the  conn* •<•• 
matrix  of  t he  cord  (false  knots).  More  rart-ly  t hey  are  formed  by 
a  knotting  of  the  cord,  which  n->ults  from  the  fact  that  the  embryo, 
in  the  motions  which  it  executes  in  the  amniotic  fluid,  accidentally 
slips  through  a  loop  of  the  cord  and  then  gradually  tightens  it  into 
a  knot.  The  thickening  then  presents,  in  distinction  from  the  other, 
a  true  knot. 

The  attachment  of  the  umbilical  cord  to  the  placenta  ordinarily 
takes  place  in  or  near  its  middle  (insertio  centralis).  However, 
exceptions  to  the  rule  are  not  rare.  Thus  one  distinguishes  in  addi- 
tion an  insertio  marginalis  and  an  insertio  velamentosa.  In  the  first 
case  the  umbilical  cord  unites  with  the  margin  of  the  placenta;  in 
the  second  place  it  does  not  reach  the  placenta  at  all,  but  attaches 
itself  at  a  lesser  or  greater  distance  from  the  margin  of  the  latter, 
to  the  fostal  membranes  themselves,  and  sends  out  from  that  point 
the  outspreading  large  branches  of  its  vessels  to  the  placenta. 

Man  is  distinguished  from  almost  all  of  the  remaining  Mammals 
by  the  possession  of  a  long  slender  umbilical  cord.  Its  condition 
in  Man  results  from  the  great  distension  of  the  amniotic  sac. 
\Vhe: eas  this  at  first  lies  close  upon  the  body  of  the  embryo,  it  sub- 
sequently becomes  so  distended  (compare  fig.  144  with  fig.  143)  that 
it  fills  the  whole  cavity  of  the  blastodermic  vesicle  and  everywhere 
clings  closely  to  the  inner  surface  of  the  chorion.  Owing  to  this, 
the  remaining  structures — the  yolk  >ac  with  its  blood-vessels,  the 
.^lender  canal  of  the  allantois  with  its  connective- tissue  envelope, :« id 
the  umbilical  blood-vessels — which  emerge  through  the  dermal  navel 
of  the  embryo  into  the  extra-embryonic  body-cavity  and  betake 
themselves  to  the  chorion,  become  more  and  more  hemmed  in  by 
the  amnion,  and  finally  are  crowded  together  into  a  small  cord. 

At  first  the  umbilical  cord  is  short,  since  it  pursues  a  straight  course 
in  unit  ing  the  navel  of  the  embryo  to  the  foetal  membranes;  after- 
wards it  becomes  greatly  elongated  and  folded  in  the  amniotic  fluid. 

Its  structure  varies  at  different  time>  duni.ir  pregnancy  corre- 
sponding to  the  changes  which  the  yolk  <ac  and  the  allaiitoLs  with 

their  blood -vessels   undergo. 
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I  shall  give  a  detailed  description  of  its  finer  structure  for  the 
end  of  pregnancy  only,  and  shall  consider  especially  the  following 
parts:  (1)  the  gelatin  of  WHARTON,  (2)  the  umbilical  vessels,  (3) 
the  remnant  of  the  allantois,  of  the  vitelline  duct,  and  of  the  vasa 
omphalomesenterica,  (4)  the  amniotic  sheath. 

(1)  The  gelatin  of  WHARTON  forms  the  common  matrix  in  which 
the  remaining  parts  are  imbedded.     It  is  a  gelatinous  or  mucous  tis- 
sue.    In  this  soft  gelatinous  substance  there  run  strands  of  connective- 
tissue  fibrillae  and  elastic  fibres,  which  are  the  scantier  the  younger 
the  umbilical  cord.      They  are  joined  together  into  a  network,  the 
meshes  of  which  are  narrower  at  some  places  than  at  others.     In 
this  way  there  are  formed  in  the  gelatin  numerous  firm  peculiarly 
differentiated  strands.     The  cells  of  the  gelatinous  connective  tissue 
are  partly  spindle-shaped,  partly  stellate  elements,  the  latter  with 
widely  branching  processes. 

(2)  The  umbilical  blood-vessels  consist  of  two  large  arteries  (art. 
umbilicales),  which  conduct  the  blood  from  the  embryo  to  the  pla- 
centa, and  a  capacious  vena  umbilicalis,  in  which  the  blood  flows  back 
to  the  embryo  after  having  traversed  the  placental  circulation.     The 
two  arteries  are  wound  spirally,  like  the  umbilical  cord  itself,  and 
are   joined  to  each  other   by  an  anastomosis  near  their   entrance 
into  the  placenta.      They  are  very  contractile,  and  exhibit  a  thick 
muscular  membrane  (tunica  muscularis),  consisting  of  circular  and 
longitudinal  fibres. 

(3)  The  canal  of  the  allantois  and  the  vitelline  duct,  which  are 
essential  components  of  the  umbilical  cord  during  the  first  months  of 
pregnancy,  subsequently  undergo  reduction,  and  are  present  at  the 
end  of  embryonic  life  only  in  the  form  of  insignificant  remnants, 
as  has  been  shown  by  KOLLIKER,  AHLFELD,  and  HUGE.     The  canals 
lose  their  lumens;  there  then  exist  in  the  gelatin  of  WHARTON  solid 
cords  of  epithelial  cells ;  finally,  these  also  disappear  in  part,  so  that 
only  here  and  there  strands  and  nests  of  epithelial  cells  have  been 
preserved.      The  vitelline  blood-vessels  (vasa  omphalomesenterica), 
which  have  a  role  to  perform  at  the  beginning  of  development,  soon 
become  inconsiderable,  and  diminish  more  and  more  in  comparison 
with  the  enlarging  umbilical  blood-vessels.     In  the  mature  umbilical 
cord  they  are  very  rarely  to  be  demonstrated  (AHLFELD)  ;  usually 
they  have  wholly  degenerated. 

(4)  At  the  beginning  of  development  the  amnion   forms  around 
the  allantoic  canal  and  the  vitelline  duct  a  sheath,  which  can  be 
removed.     Afterwards  the  sheath  is  firmly  fused  with  the  gelatin 
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of  WIIAKTON,  e.\t  •••]>!   at  the  attachment  at  the  navel,  where  for  a 
shoi  •  a  it  may  bo  peeled  off  as  a  >p«-eial  thin  membrane. 


Condition  of  (/<>•  /•'.</<//  .Wo///-^  //»•*•  -lurimj  and  after  Mirth. 

As  a  conclusion  to  the  account  of  the  foetal  membranes  some  further 
remarks  may  be  in  place  regarding  their  it  hirth. 

At  the  end  of  pregnancy,  with  tho  ln'^innin^  of  labor  pains,  the 
fu-tal  membranes,  whiob  form  a  tluid-tilled  >;ic  .surrounding  the  em- 
bryo, arc  ruptured  as  soon  as  the  contractions  of  the  inu-culatnre  of 
the  uterus  have  reached  a  certain  .1.  gre«-  ..f  int  -IIMI  v.  Tin*  rupture 
ordinarily  aiises  at  tin'  place  where  the  wall  of  the  sac  i-  pressed  out 
through  the  mouth  of  the  uterus  (rupture  of  the  amnion).  In  con- 
sequence the  amniotic  water  now  flows  away. 

With  the  continuation  and  increase  of  the  pains,  tin-  child  is  next 
forced  out  of  the  uterus  through  the  rupture  in  the  foetal  membranes 
—  it  is  born,  whereas  the  placenta  and  embryonic  membranes  usually 
still  remain  behind  for  a  short  time  in  the  cavity  of  the  ut« 
Immediately  after  birth  the  union  between  child  and  foetal  mem- 
!>rane>  has  to  be  artificially  interrupted,  by  the  tyin#  and  cutting  oft' 
of  the  umbilical  cord  at  a  little  distain  •••  from  the  na\el. 

Finally,  tho  foetal  membranes  with  the  placenta  are  detached  from 
the  inner  surface  of  the  uterus,  and  with  renewed  pains  are  discharged 
to  the  outside  as  the  after-birth. 

The  separation  takes  place  in  the  spongy  layer  of  the  decidua  vera, 
approximately  in  the  region  which  i>  d>  situated  ;»*  the  line  of  sepa- 
ration in  the  diagram  given  by  LEOPOLD  (Plate  II.).    The  after-birth 
i>  composed  of  both  fcetal  and  maternal  membranes,  which  are  <[nite 
(irmly  grown  together:    (1)  the  amnion,  (2)   the  chorion,   (3)  the 
decidua  reilexu,  (4)  the  decidua  vera,  (5)  the  placenta  (placenta  utei 
and  placenta  foetalis).       Notwithstanding  the  ^n»win^   to^-tli.- 
partial  separation  of  the  individual  membranes  from  each  other  is 
still  possible. 

After  birth  the  inner  surface  of  the  uteru>  is  one  great  surface- 
wound,  since  by  the  detachment  of  the  placenta  and  the  decidiue 
numerous  blood-vessels  are  ruptured.  Also  during  the  tir>t  days  of 
childbed  fragments  of  the  spongy  layer  of  the  decidua  vera  and 
serotina,  which  remained  behind  at  hirth,  continue  to  be  detached 
from  it.  Only  the  deepest  layer  of  the  muc<»a.  that  immediately  in 
contact  with  the  musculature  of  the  uteru^.  is  n-tained.  This  still 
contains  remnants  of  the  cylindrical  epithelium  of  the  uterine  glands, 
as  has  been  already  stated.  In  the  course  of  several  weeks  it  is 
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again  converted,  by  an  active  process  of  growth,  into  a  normal  mucous 
membrane,  whereby  its  superficial  epithelium  probably  arises  from 
the  preserved  remnants  of  the  glandular  epithelium. 

SUMMABY. 

1.  The  human  ovum  establishes  itself  ordinarily  at  the  base  of 
the  uterus  (fundus  uteri),  between  the  mouths  of  the  two  Fallopian 
tubes,  and  becomes  overgrown  by  folds  of  the  mucosa  and  enclosed 
in  a  capsule. 

2.  The  mucous  membrane  of   the  uterus  is  developed  into  the 
maternal  envelopes  of  the  ovum,  the  deciduae,  which  are  distinguished 
as  decidua  serotina,  reflexa,  and  vera. 

(a)  The  decidua  serotina  is  that  part  of  the  mucous  membrane 
upon  which  the  ovum  immediately  lies  after  its  entrance 
into  the  uterus  and  on  which  the  placenta  is  afterwards 
developed. 

(6)  The  decidua  reflexa  is  the  part  that  grows  around  the  ovum. 

(c)  The  decidua  vera  arises  from  the  remaining  portions  of  the 
mucous  membrane  lining  the  uterus. 

3.  In  the  formation  of  the  deciduae  or  deciduous  foetal  membranes 
the  uterine  mucosa  undergoes  profound  alterations  of  structure,  and, 
accompanied  by  a  rapid  growth  of  the  uterine  glands  and  a  partial 
disappearance  of  its  epithelium,  becomes  differentiated  into  an  inner 
compact  and  an  outer  spongy  layer. 

4.  Out  of  the  wall  of  the  blastodermic  vesicle,  so  far  as  it  is  not 
employed  in  the  formation  of  the  embryo  itself,  are  developed  the 
foetal  envelopes  of  the  offspring,  which  in  the  main  agree  with  the 
foetal  envelopes  of   the  remaining  Mammals  in   number   and  the 
method  of  their  development,  but  which  present  in  detail  important 
modifications,  which  are  essentially  as  follows  : — 

(a)  The  amnion  is  closed  from  before  backward,  remains  united 
at  the  hinder  end  of  the  embryo  with  the  serosa  (subse- 
quently the  chorion)  by  means  of  a  short  pointed  pro- 
longation, and  thus  contributes  to  the  formation  of  the 
so-called  belly-stalk  of  human  embryos. 

(6)  The  allantois  does  not  grow  as  a  free  sac  into  the  extra- 
embryonic  part  of  the  body-cavity,  but,  in  the  form 
of  a  narrow  canal,  shoves  itself  along  the  under  surface 
of  the  pointed  amniotic  prolongation  to  the  chorion, 
and  thus  furnishes  the  chief  component  of  the  belly- 
stalk. 
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(c)  The  yolk-sac  ( umbilical  v  Hrln  ix  n-duced  to  an  exceedingly 

small    vesicle,     and    is    COMM-CUM!    with     the    embi  \ 
intestine   by    means   of    a    long    tin-rail  like    >talk,    the 
vitelline  duct. 

(d)  By  the  enlargement  of  tin-  ainnion,  which  at   length  lills  the 

«-nt in-  Mastodermic  vesicle  (increase  of  amniotic  fluid), 
the  canal  of  the  allantois  and  the  vitelline  duct,  together 
with  the  umbilical  and  vitelline  blood-vessels,  become 
completely  enveloped  by  the  amniotic  sheath;  in  thi- 
way  is  formed  the  umbilical  cord  (funiculus  umhilicali>  . 
a  cord-like  connection  between  the  inner  surface  of  the 
egg-membrane  and  the  navel  of  the  embryo. 

(e)  The   serosa   at   a  remarkably  early  period  (second  week) 

develops  villi  over  its  whole  surface,  and  by  the  ingrowth 
of  the  connective  tissue  of  the  allantois  into  the  latter  it 
becomes  the  villous  membrane  (chorion). 

(f)  The  villous  membrane  is  differentiated  into  a  chorion  laeve 

and  a  chorion  frondosum  : — 

(a)  The  part  which  lies  in  contact  with  the  decidua 
reflexa   and  is  firmly  united  with    it  by  means   of 
villi  which  lag  behind  in  growth  becomes  the  choi 
Iseve. 

(/3)  The  region  which  abuts  upon  the  decidu; 

and  in  which  the  villi  giow  out  into  large,  much- 
bra  nched  tufts,  is  converted  into  the  chorion 
frondosum. 

5.  By  the  penetration  of  the  villous  tufts  of  the  chori«>n  frondosum 
into  the  decidua  serotina  and  tin -ir  firm  union  with  it,  th»'iv  is  formed 
an  especial  organ  of  nutrition  for  the  embryo,  the  after-birth, » >i 
placenta. 

6.  One  distinguishes  a  foetal  and  a  maternal  part  of  the  placenta  : 
lie  placenta  fo-talis  or  the  chorion  frondosun,.  the  pla- 
centa uterina  or  the  original  decidua  serotina. 

(a)  The  placenta  fretalis  consists — 

First,    of   the  membrana    chorii.  in   which    th»- 
branches  of   th«    umbilical    blood  pread    them- 

selves out,  and  to  which   the   iimbilic;,;  stlached, 

ordinarily  in  the  middle  i  -  ntralis).  rarely  at  the 

margin    (insertio    marginalia,    still    more 
distance  from  the  mai-trin  (in-«  i-tio  \<-lamentosa); 

Secondhj+Qi  bundles  of  <hoi  ionic  villi,  the  ^attachment- 

18 
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roots  "  of  which  are  firmly  grown  togethr r  with  the 
uterine  mucosa  by  means  of  their  tips,  whereas  the 
free  processes  project  into  the  cavernous  blood- spaces 
of  the  placenta  uterina. 

(b)  The  placenta  uterina,  like  the  decidua  vera,  is  composed  of 
a  compact  layer,  which  becomes  detached  at  birth  (pars 
caduca),  and  a  spongy  layer,  in  which  the  separation 
takes  place,  a  part  remaining  behind  on  the  musculature 
(pars  fixa). 

The  compact  layer  (basal  plate  of  WINKLER)  sends 
partition- walls  (septae  placentae)  between  the  chorionic 
tufts,  and  thereby  divides  them  into  separate  bundles, 
the  cotyledons. 

There  are  interpolated  between  the  arteries  and  veins — 
which  run  in  the  basal  plate  and  the  septae — enormously 
enlarged  vascular  spaces,  in  which  the  villi  appear  to 
hang  free. 

The  vascular  spaces  are  probably  extraordinarily 
distended  maternal  capillaries,  in  which  case  one  may 
expect  to  find  the  chorionic  villi  invested  by  a  very  thin 
layer  of  maternal  tissue  (endothelial  membrane),  as  is 
maintained  by  some  investigators. 

7.  At  birth  the  deciduae  or  caducous  membranes  become  detached 
from  the  uterus  along  the  spongy  layer,  and  together  with  the  foetal 
envelopes  and  the  placenta  constitute  the  after-birth. 

8.  In  the  first  weeks  after  birth  a  normal  mucosa  is  developed 
out  of  the  remnants  of  the  spongy  layer  left  upon  the  musculature 
and    the   remnants   of    the   uterine    glands,   from   the   epithelium 
of   which   the   epithelium   of   the   mucous   membrane  is   probably 
regenerated. 
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PAET   SECOND. 


INTRODUCTION   TO   PART   II. 

IN  the  first  part  of  the  text-book,  which  treated  of  the  fundamental 
processes  of  the  beginning  of  development,  it  was  shown  how  there 
were  formed  from  the  embryonic  cells,  the  descendants  of  the 
cleavage-process,  several  cell-layers:  the  outer,  the  middle,  and  the 
inner  germ-layers,  and  the  intermediate  layer  which  inserts  itself  into 
all  the  interstices  between  the  former.  In  the  further  progress  of 
development  each  of  these  chief  layers,  which  CARL  ERNST  v.  BAER 
has  called  the  fundamental  organs  of  the  animal  body,  undergoes 
a  series  of  manifold  changes,  and  is  in  consequence  gradually  con- 
verted into  the  separate  organs  of  the  adult  body. 

The  study  of  the  development  of  the  organs  constitutes  the  theme  of 
the  second  part  of  this  text-book. 

A  division  of  the  extensive  material  to  be  presented  here  is  best 
undertaken  with  reference  to  the  separate  gorm-layers  from  which 
the  various  organs  are  derived,  as  was  first  attempted  by  REM\K 
in  his  pioneer  work  "  Untersuchung  liber  die  Entwicklung  der 
Wirbelthiere." 

But  it  must  be  observed  at  the  very  outset  that  the  principle  of  the 
classification  of  organs  according  to  the  germ-layers  can  be  carried  out 
only  with  certain  limitations.  For  the  completed  organs  of  the  adult 
are  ordinarily  compound  structures,  which  are  not  formed  out  of  a 
single  embryonic  layer,  but  out  of  two  or  even  out  of  three.  Thus, 
for  example,  a  muscle  is  developed  from  the  middle  germ-layer  :md 
the  intermediate  layer.  The  teeth  arise  from  the  latter  and  the 
outer  germ-layer;  the  alimentary  canal  with  its  glands  contains 
elements  from  three  layers,  from  the  inner  and  the  middle  germ- 
layers,  as  well  as  from  the  intermediate  layer.  When,  notwith- 
standing, these  organs  are  cited  as  descendants  of  one  germ-layer. 
it  is  for  the  reason  that  the  various  tissues  are  of  unequal  value 
in  the  construction  and  function  of  an  organ,  the  imjmitam  com- 
ponents being  furnished  preeminently  by  one  germ-layer.  Thus 
the  structure  and  the  function  of  the  liver  or  the  pancreas  are 
primarily  determined  by  the  glandular  cells  which  are  derived  from 
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the  inner  germ-layer,  whereas  connective  tissue,  blood-vessels,  nerves, 
and  serous  covering,  although  they  also  belong  to  these  glands  as 
a  whole,  are  of  less  significance,  because  the  characteristic  properties 
of  liver  or  pancreas  do  not  depend  upon  them.  In  the  anatomy  and 
physiology  of  a  muscle  the  muscular  tissue  is  the  more  significant 
part,  iii  the  sensory  organs  the  sensory  epithelium. 

Guided  by  such  considerations  one  has  a  perfect  right  to  designate 
the  intestinal  glands  as  organs  of  the  inner  germ-layer,  the  muscles, 
the  sexual  and  urinary  organs  as  belonging  to  the  middle  germ-layer, 
and  the  nervous  system  together  with  the  sensory  organs  as  products 
of  the  outer  germ-layer. 

Thus  the  science  of  the  embryology  of  organs  is  divisible  into  four 
main  sections — into  the  science  of  the  morphological  products  of 

(1)  the  inner  germ-layer,  (3)  the  outer  germ-layer, 

(2)  the  middle  germ-layer,  (4)  the  intermediate  layer. 


OHAPTKi:    XIV. 

Tin-:  OHGANS  OF  THI-:  /.WAV;   t;i-:nM-r.\  vr.it 
THK    ALIMKNTARY   TURK    WITH   ITS   AIM-MS  MED    ORGAN- 

AFTER  completion  of  the  formation  of  the  germ-layers  and  the  first 
processes  of  differentiation  described  in  the  tenth  chapter,  the  body 
of  the  vertebrated  animal  consists  of  two  simple  tubes,  one  within 
the  other  (Plate  I.,  figs.  7  and  10), — the  inner,  smaller  alimentary 
tube,  and  the  body-tube  separated  from  the  former  by  the  body- 
civity  (//<'), — each  of  which  is  composed  of  more  than  one  of  tin- 
primitive  cell-layers  of  the  germ. 

The  alimentary  tube,  the  further  development  of  which  will  first 
engage  our  attention,  is  composed  of  two  epithelial  layers, — the 
entoderm  and  the  visceral  portion  of  the  middle  layer,  which  fur- 
nishes the  epithelial  lining  of  the  body -cavity,— separated  from  each 
other  by  the  intermediate  layer,  which  is  at  this  time  little  developed. 
Of  the  three  layers  the  entoderm  is  unquestionably  the  most  im- 
portant, since  the  further  processes  of  differentiation  primarily 
proceed  from  it,  and  since  the  physiological  capabilities  of  the 
alimentary  canal  are  determined  by  the  activity  of  its  cells. 

The  changes  which  occur  in  the  further  course  of  development  are 
best  divided  into  three  groups.  First,  the  alimentary  tube  comes 
into  communication  with  the  surface  of  the  body  by  mcuns  of  a  large 
number  of  openings,  the  visceral  clefts,  the  mouth,  and  the  anus. 
Secondly,  it  grows  enormously  in  length,  and  is  at  the  same  time 
differentiated  into  oesophagus,  stomach,  small  intotine  and  large 
intestine,  with  their  peculiarly  modified  me>cnteries  and  om« 
Thirdly,  numerous  organs,  which  are  for  the  most  part  concerned 
in  the  duties  of  digestion,  take  their  origin  from  the  walls  of  the 
alimentary  tube. 
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I.  The  Formation  of  the  Mouth,  the  Throat-  or  Gill -Clefts,  and 

the  Anus. 

At  the  beginning  of  development  the  alimentary  tube  opens  out  to 
the  surface  of  the  germ  by  means  of  the  primitive  mouth  (primitive 
groove),  which  marks  the  place  at  which,  during  the  stage  of  the 
blastula,  the  inner  and  middle  germ-layers  have  been  invaginated 
(Chapters  V.  and  VI.,  figs.  44,  47,  54,  55,  78  u).  But  this  opening 
is  only  a  transitory  structure. 

Located  at  the  future  hind  end  of  the  embryonic  fundament,  it 

is  at  first  overgrown  by  the 
medullary  ridges,  and  es- 
tablishes a  temporary  union 
between  the  intestinal  and 
neural  tubes,  the  canalis 
neurentericus  (figs.  68  en, 
80,  88  ne).  Afterwards  it 
becomes  entirely  closed  by 
the  growing  together  of 
the  edges  of  the  primitive 
mouth. 

It  is  affirmed  by  some  that  in 
certain  Vertebrates  (Petromy- 
zon,  several  Amphibia)  the 
primitive  mouth  persists,  and 
becomes  the  anus  of  the  adult 
animal. 


c* 


Fig.  151.— Median  section  through  the  head  of  an 
embryo  Rabbit  6  mm.  long,  after  MIHALKOVICS. 

rh.  Membrane  between  stomodteum  and  fore  gut, 
pharyngeal  membrane  (Rachenhaut) ;  hp,  place 
from  which  the  hypophysis  is  developed ;  h,  heart ; 
kd,  lumen  of  fore  gut ;  ch,  chorda ;  v,  ventricle 
of  the  cerebrum ;  «*,  third  ventricle,  that  of  the 
between-brain  [thalamencephalon] ;  v*,  fourth 
ventricle,  that  of  the  hind-brain  and  after-brain 
[epencephalon  and  metencephalon,*  or  medulla 
oblongata] ;  ck,  central  canal  of  the  spinal  cord. 


There  arise,  however,  on 
the  permanent  alimentary 
tube,  both  at  its  anterior 
and  posterior  ends,  new 
openings,  part  of  which  are  unpaired,  part  paired ;  for  the  wall  of  the 
alimentary  tube  at  several  places  fuses  with  the  wall  of  the  body, 
then  becomes  thinner,  and  finally  breaks  through  to  the  outsi.l.-. 
The  unpaired  openings  are  mouth  and  anus ;  the  paired  ones  are  the 
throat-,  gill-,  or  visceral  clefts.  The  first  to  be  established  are  the 
mouth  and  the  gill-clefts,  in  the  regions  of  head  and  neck.  These 
are  of  the  greatest  importance  in  the  external  morphology  of  the 

*  [Huxley  has  employed  metencephalon  and  myelencephalon  instead  of 
epencephalon  and  metencephalon  for  the  fourth  and  fifth  regions  of  the  brain 
respectively.] 
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embryo,  because  with  their  appearance  the  head-  and  neck-re^ 
become  distinguishable. 

A.  Th>'    l)>'r>'l<'i>nt',<t    <>/'  (/<>•    Mniith. 

In  all  vertebrated  animals  the  epidermis  forms  on  the  under  side 

of   the  rudimentary   head,   which   at    first   has  the  appearance  of   a 

rounded  knob,  a  small  shallow  pit  (Plate  I.,  fig.   11,  and  fig.  I-~>1>, 

whk-h  meets  the  blind  end  of  the 

fore  gut  (kd).     In  the  region  of 

this    pit    the   middle  germ-layer 

is   from    the    beginning    absent 

iKKiiiEL,    CARIUS).      Outer  and 

inner  germ-layers  meet  to  form 

a    thin  membrane  (fig.   151  rh\ 

which    separates    oral   sinus   or 

oral   pit  [stomodseum]    and  fore 

L'ut,    and    which    has   been    de- 

Bcril  eil  >ince  the  time  of  REMAK 


Tig.  152.— Human  embryo  t  I  15  mm. 

long,  neck  measurement*  Drawing  from 
a  reconstruction,  Menschliche 

Eiubr\'>i:i-:i   ).     Magnified  40  diameters. 

Mb,  Oral  pit  (or  sinus)  ;  Ab,  aortic  bulbils ; 

•:.idtlle  part  <>f  the   \i-iitricle  <>f   : 
Vc,  vena  cava  superior  or  ductus  Cu\ieri  ; 
Sr,  si;  unibilicalis  ; 

VI,  left  part  of  the  ventricle  ;  Ho,  auricle  of 
heart ;  D,  diaphragm  ;  T.om.  vena  otuphalo- 
mesenteries  ;  Lb,  solid  fundament  of  the 
liver  ;  L'-.i,  lu-^itic  duct. 


haut).  By  its  rupture  and  the 
degeneration  of  the  shreds  of  it 
known  as  the  primitive  pufnfnl 
re/ "in  communication  with  the 
outside  is  established  (Plate  I., 
iiir-.  4  and  7  m). 


In  the  case  of  the  Chick  the  oral 
pit  is  observable  on  the  second  day 
of  incubation,  the  front  end  uf  the 
i  inlirvonic  fundament  having  a  short 
time  previously  elevated  it.^elf  as  a 
cephalic  knob  above  the  extra-em- 

1'iyonic  part  of  the  irerm-layers.     The  rupture  of  the  pharyngeal  membrane 
lakes  place  on  the  fourth  day.     In  the  case  of  an  embryo  Rabbit  of  nine 
the  pharyngral  membrane  is  not  yet  ruptured.     His  l,a>  studied  in  de-tail  this 
early  sta<;e  in  Man  on  his  embryo  "  Lgt"  the  age  of  which  he  estimates  at  twelve 
days. 

In  all  amniotic  Vertebrates  the  entrance  to  the  oral  pit  (fig.  152 
M}> )  presents  a  very  uniform  condition  and  appears  as  a  large 

*  [It  will  be  seen  by  an  inspection  of  figure  158  that  the  longest  straight  line 
which  can  be  drawn  through  the  embryo  connects  the  neck-  and  rump-regions. 
It  is  this  distance  which  is  designated  as  the  neck,  or  neck-rump,  measure- 
ment.] 
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sided  opening,  which  is  surrounded  by  Jive  ridges.  A  knowledge  of 
these  is  of  great  importance  in  studying  the  history  of  the  formation 
of  the  face. 

Of  the  five  ridges  one  is  unpaired,  the  frontal  or  naso-frontal 
process,  a  broad,  rounded  projection  which  bounds  the  oral  pit  above. 
Its  origin  is  connected  with  the  development  of  the  central  nervous 
system,  which  reaches  up  to  the  anterior  end  of  the  embryonic 
fundament,  where  it  is  developed  into  the  cerebral  vesicles  (fig.  153 
gh,  zh,  mh).  Examined  by  means  of  a  longitudinal  section,  the 
frontal  process  at  this  stage,  therefore,  encloses  a  large  cavity  be- 
longing to  the  neural  tube,  and  has  the  form  of  a  vesicle,  which  is 
composed  of  three  layers,  the  epidermis,  a  layer  of  mesenchyma,  and 
the  thickened  epithelial  wall  of  the  neural  tube.  The  primary  oral 
cavity  and  the  fundament  of  the  brain  are  closely  apposed  at  the 
beginning  of  development ;  they  are  separated  by  only  a  thin  sheet 
of  tissue,  within  whose  territory  there  is  subsequently  formed,  among 
other  things,  tfie  floor  of  the  cranium. 

The  four  remaining  ridges  are  paired  structures  which  surround 
the  oral  sinus  upon  its  sides  and  below.  These  are  produced  by 
growths  of  the  embryonic  connective  tissue,  through  which  large 
blood-vessels  take  their  course.  They  are  distinguished  according  to 
their  positions  as  upper-jaw  (maxillary]  and  lower-jaw  (mandibular) 
processes.  The  former  are  on  either  side  in  immediate  contact  with 
the  frontal  process,  from  which  they  are  separated  by  a  groove  only, 
the  naso-optic  furrow,  which  will  be  discussed  in  a  subsequent  chapter, 
and  which  runs  obliquely  upward  and  outward  to  that  region  of  the 
face  in  which  the  eye  begins  its  development.  The  maxillary  process 
is  separated  from  the  mandibular  process  by  an  incision  which  corre- 
sponds to  the  place  of  the  future  angle  of  the  mouth.  The  two 
processes  of  either  side  together  form  the  pharyngeal  arches,  or  the 
membranous  jaw- arches. 

Before  the  rupture  of  the  pharyngeal  membrane  the  oral  sinus  has  become 
still  deeper,  but  only  in  its  upper  part,  whereas  toward  the  mandibular  arch  it 
becomes  shallow.  This  condition  is  connected  with  curvatures  which  in  all 
amniotic  Vertebrates  as  well  as  Selachians  affect  that  part  of  the  head  which 
encloses  the  brain -vesicles  and  lies  above  the  alimentary  tube.  For  the  front 
snd  of  the  head  is  bent  down  toward  the  ventral  side  of  the  embryo,  and 
finally  makes  a  right  angle  with  the  posterior  half  of  the  head  (fig.  153). 
Consequently  the  place  at  which  the  so-called  anfrrinr  crpkalic  curvature  has 
occurred,  and  at  which  the  posterior  and  anterior  halves  of  the  head  bend  into 
each  other,  has  become  an  elevation,  the  parietal  [or  mid-brain']  elevation  (Schei- 
telhocker),  Sff.  The  latter  encloses  the  middle  brain-vesicle  (m/t),  the  future 
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mid-brain.     Furthermore  tin-  front;.  .uconseqii''  .  ature, 

covers  in  the  oral  sinus  more  and  more  from  above  and  in  front,  and  tl .• 
contributes  to  its  ilcptb. 

As  His  ha-  shown  for  the  human  embryo,  tin    pharyniri-al  membrane  \> 
rupturing  extends  obliquely  backward  and  upward  from  the  raandibular 
ami  bcconu-s  firmly  attached  at  the  point  of  curvatu  nit  of 

tin-  bcnuing,  the  anterior  and  posterior  halves  of  the  head  meet  each  other 
at  rijjht  angles.  Kven  after  the  rupture  of  the  j.lnryn-.-al  membrane  there 
is  retained,  in  front  of 

its  attachment,  a  small  gh        zfi  v' :/          6U 

pit,  which  constitutes 
RATHKK'S  pocket  (tip. 
i.v;  ///;). 

It  is  to  be  noted  that 
the  oral  sinus,  in  front 
of  the  pharyngeal  mem- 
orane.  and  the  fore  gut, 
which  lies  behind  it,  do 
not  correspond  respec- 
tively to  the  cavities  de- 
signated in  the  anatomy 
of  the  adult  as  oral 
cavity  and  pharynx.  But 
the  region  of  RATHKE'S 
pocket,  which  belongs 
to  the  embryonic  oral 
sinus,  is  in  the  adult 
referred  to  the  pharynx. 

In  consequence  of  the 
early  and  complete  dis- 
appearance of  the  pha- 
ryngeal membrane,  it  is 
no  lonc-er  possible  to 
say  at  what  place  in  the 
adult  is  to  be  sought 
the  transition  from  the 

primitive,  epidermis-lined  oral  sinus  to  the  epithelial  layer  of  the  alimentary 
tube. 

B.   The  Development   of  the    Visceral   Clefts. 

While  the  changes  described  take  place  in  the  vicinity  of  the  oral 
sinus,  several  visceral  clefts  make  their  appearance  immediately 
behind  the  jaw-arches  upon  either  side  of  the  body.  They  are 
developed  in  the  case  of  Selachians,  Teleosts,  Ganoids,  and  Am- 
phibia, as  well  as  Aniniota.  in  a  rather  uniform  manner  (ligs.  154, 
155).  From  the  epithelium  of  the  fore  ^ut  thrre  are  formed  deep 
outpocketings  (sch1 — scAG),  which  run  from  above  downward  on  the 
lateral  wall  of  the  throat  parallel  to  the  jaw-arches.  Th«-y  crowd 


fta 


fig.  153.— Median  sagittal  section  through  the  head  of  a  Chick 
incubated  4\  days,  aftrr  MIHALKOVICS. 

.<//.  IVuu-tul  [mid-brain]  elevation  ;  ,*c.  l.itciul  M'litiiclo  of  the 
brain  ;  v3,  third  ventricle  ;  r*,  fmir.h  vrr.tricle  ;  Sic,  aque- 
ductus  SYLVII;  gh,  cerebral  vesicle;  rA,  between-brain 
[thalamencephalon] ;  i»A.  inid-hrain  ;  kh,  cerebellum; 
zf,  pineal  pivcess  ;  hj>,  liyiM.nhv.-ial  (»r  U^THKK'S)  pocket  ; 
ch,  chorda;  ba,  b;vsilar  .<• 


286 


EMBRYOLOGY. 


aside  the  middle  germ-layers,  which  extend  into  this  region,  and 
thus  grow  outward  to  the  surface,  where  they  unite  with  the  epi- 
dermis. The  latter  now  become  depressed  into  furrows  along  the 
regions  of  contact  (fig.  154),  so  that  one  can  distinguish  inner,  deeper 
throat-pockets,  and  outer,  shallower  throat-  or  gill-furrows.  The  two 

are  separated  from  each  other 
for  a  time  by  a  very  thin  clos- 
ing membrane,  which  consists 
of  two  epithelial  layers,  the 
epidermis  and  the  epithelium 
lining  the  fore  gut. 

The  bands  of  substance 
which  lie  between  the  suc- 
cessive throat-pockets  (figs. 
154  and  157)  are  the  mem- 
branous branchial,  throat-,  or 
visceral  arches.  They  consist 
of  an  axis,  which  is  derived 
from  the  middle  germ-layer 
and  the  mesenchyma,  and  of 
an  epithelial  covering,  which 
on  the  side  toward  the  pharynx 
is  furnished  by  the  inner  germ- 
layer,  on  the  outside  by  the 
outer  germ-layer.  They  are 
designated  according  to  their 
sequence  as  the  second,  third, 
fourth,  etc.,  visceral  arches, 

inasmuch  as  the  ridge  which  surrounds  the  mouth  constitutes  the 
first  visceral  arch. 

In  all  water-inhabiting  Vertebrates  which  breathe  by  means  of 
gills  the  thin  epithelial  closing  plates  break  through  between  the 
visceral  arches,  and  indeed  in  the  same  sequence  as  that  in  which  they 
arose.  Currents  of  water  therefore  can  now  pass  from  the  outside 
through  the  open  clefts  into  the  cavity  of  the  fore  gut  and  be  employed 
for  respiration,  since  they  flow  over  the  surface  of  the  mucous  mem- 
brane. There  is  now  developed  in  the  mucous  membrane,  upon  both 
sides  of  the  visceral  clefts,  a  superfoial,  close  network  of  blood- 
capillaries,  the  contents  of  which  effect  an  exchange  of  gases  with 
the  passing  water.  Moreover  the  mucous  membrane  becomes  folded, 
for  the  increase  of  its  respiratory  MI  r face,  into  numerous,  close-set, 


Fig.  154.  ~  Frontal  (reconstruction)  section  of  the 
oro-pharyngeal  cavity  of  a  human  embryo 
(Bl  of  His)  4*5  mm.  long,  neck  measurement, 
from  His  "  Menschliche  Embryonen."  Mag- 
nified 30  diameters. 

The  figure  shows  four  outer  and  four  inner  visceral 
furrows,  with  the  closing  plates  at  the  bottom 
of  them.  In  the  visceral  arches  separated  bj 
furrows  one  sees  the  cross  sections  of  the 
second  to  the  fifth  aortic  arches.  By  reason 
of  the  greater  development  of  the  anterior 
visceral  arches  the  posterior  ones  are  already 
somewhat  pressed  inwards. 
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parallel  branchial    leaflets,   which    are    provided    with   the    greatest 
abundance    of    capillary    bleod-ves-els.        hi    this    manner    tin-    most 
anterior    Section    of    the    alimentary    canal,    which    lie,   iininiMh 
behind    tin-   head,  has    1  ecome   converted  into  an  organ  of  n-.-jui 
adapted  to  life  in  water. 

Tin-  important   ililTrivntiation  of  the  alimentary  canal  into  an  ant.-ri 
spiratory  chamber  and  a  following  nutritive  r.-uri"n  is  po.— 
and    Anipliioxus    in    common    with    certain    Invertebrates    (Tunicates    and 
Halanoglossus). 

Likewise  iii  the  case  of  the  higher  (aiuniotic)  Vertebrates  both 
inner  and  outer  visceral  furrows,  together  with  the  visceral  arch.  - 
separating  them,  are,  as  lias  already  been  stated,  formed  ;  but  here 
they  are  never  developed  into  an  actually  functioning  respiratory 
apparatus  :  they  In-long  consequently  in  the  category  of  rudimentary 
organs.  Upon  the  mucous  membrane  there  arise  no  branchial  leaflets; 
indeed  the  formation  of  open  clefts  is  not  always  and  everywhere 
achieved,  since  tho  thin  epithelial  closing  membranes  between  the 
separate  visceral  arches  are  preserved  at  the  bottom  of  the  externally 
visible  furrows.  Upon  this  point,  however,  the  opinions  of  the 
investigators  who  have  been  engaged  in  the  study  of  the  t  ln-o.it  i 
in  late  years  are  very  dissimilar.  Whereas  His,  BoBN,  and  KOI.UKKU 
maintain  that  the  closing  plate  does  not  as  a  rule  rupture,  FOL,  DE 
MKri;»\.  K  ASTSCIIENKO,  LiESSNEB,  and  others  find  that  at  least  the 
iii>t  two  or  three  visceral  clefts  are  temporarily  open.  The  opening 
takes  place  to  a  greater  extent  in  Reptiles  than  in  I'.irds  and 
M  animals,  where  it  remains  limited  to  a  small  territory.  In  the  most 
posterior  visceral  pockets  there  can  be  no  breaking  through,  because 
they  are  not  as  deep,  and  the  closing  plate  is  then  fore  thicker  and 
contains  also  a  layer  of  connective  tissue.  The  conditions  in  Reptiles 
and  Mammal-,  as  well  as  the  differences  in  the  number  of  visceral 
arches,  to  be  mentioned  directly,  express  separate  stages  in  the 
process  of  regressive  metamorphosis,  to  which  the  whole  visceral 
apparatus  in  the  vertebrate  series  has  been  subjected. 

TJt>'  number  of  visceral  clefts  wfiirJt  artmtUii  a^^ar  in  the  separate 
classes   of    Vertebr  variable.      The    greatest    numb- 

countered  among  the   Selachians,    where   there   may    be   as   many   a- 
six  (fig.    155),  in  a  few  Bpeciefl  indeed  seven  or  eight.      In   Tel. 
Amphibia,    and    Reptiles    the    number    sinks    to    five.      In     I'.inK. 
Mammals,  and    Man  (figs.    154  and    lf>7)  only  four  arise.      We  can 
tfierefore  say  in  genera/  tluit  from   the  Imr^r  to  tic 
a   reduction  has  taken  plac*:   in    the   number  of  visceral  clefts  which 
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make  their  appearance.  In  view  of  these  phenomena,  and  guided  by 
other  comparative-anatomical  considerations,  many  investigators 
have  advanced  the  hypothesis  that  in  the  case  of  the  ancestors  of 
Vertebrates  the  fore  gut  has  been  pierced  by  a  greater  number 
of  clefts  than  is  now  to  be  observed  even  in  the  Selachians,  and 
further  that  degraded  or  metamorphosed  remnants  of  them  are  still 
to  be  found  in  the  head-  and  neck-regions. 

VAN  BEMMELEN  has  observed  in  embryos  of  various  Sharks  and  Skates  out- 
pocketings  of  the  lateral  wall  of  the  throat  behind  the  last  visceral  arch,  and 
has  interpreted  them  as  rudimentary  visceral  clefts,  which  no  longer  succeed 


in  breaking  through  (fig.  155  nsd}. 


**' 
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fig.  155.— Diagram  of  the  development  of 
the  thymus.  the  thyroid  gland,  and 
the  accessory  thyroid  glands,  and 
their  relations  to  the  visceral  pockets 
in  an  embryo  Shark,  after  DE  MEUROU. 

sch\  tch",  First  and  sixth  visceral  pockets  ; 
th,  fundament  of  the  thymus ;  td, 
thyroid  gland  ;  ntd,  accessory  thyroid 
gland. 


Subsequently  there  are  developed  out  of 
them,  by  growth  of  the  epithelium,  glan- 
dular organs,  the  supra-pericardial  bodies 
(BEMMELEN),  which  are  similar  in  their 
structure  to  the  thyroid  gland.  Also  in 
the  head-region,  which  lies  in  front  of 
the  first  visceral  arch,  a  reduction  and  a 
metamorphosis  of  clefts  has,  according 
to  the  opinion  of  various  observers,  taken 
place.  DOHBN  especially  has  propounded 
several  hypotheses  of  this  kind,  for  which, 
however,  I  do  not  find  valid  grounds:  (1) 
that  the  mouth  has  arisen  by  the  fusion 
of  a  pair  of  visceral  clefts,  (2)  that  the 
olfactory  organs  are  to  be  referred  to  the 
metamorphosis  of  another  pair  of  clefts, 
— a  view  which  is  also  shared  by  M.  MAR- 
SHALL and  several  others,— (3)  that  a  dis- 
appearance of  gill-clefts  in  the  region  of 
the  sockets  of  the  eye  is  to  be  assumed, 
and  that  the  eye-muscles  are  to  be  inter- 
preted as  remnants  of  gill-muscles. 


In  the  Chick  the  visceral  furrows 
become  visible  in  the  course  of  the 

third  day  of  incubation,  only  three  pairs  at  first,  but,  at  the  end  of 
the  .sun"  day,  a  fourth  pair  is  added. 

In  human  embryos  the  visceral  furrows  are  to  be  seen  most  di- 
tinctly  (figs.  157,  154)  when  the  embryo  has  attained  a  length  of 
three  or  four  millimetres  (His).  Outer  and  inner  furrows  are  in 
this  case  deeply  excavated  and  separated  from  each  other  by  only  a 
thin  epithelial  closing  plate;  they  diminish  in  length  from  before 
backward.  Of  the  visceral  arches  which  separate  them,  the  first  is 
the  largest,  the  last  the  smallest ;  seen  in  frontal  section  they  form 
two  rows  converging  below,  so  that  the  oro-pharyngeal  cavity  tapers 
funnel-like  into  the  intestinal  tutx«. 
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From  the  Join-tit   toteit  OJ  PfMMftJ  '  rches 

begin  to  be  ///*•///»/<•»•,/  /'//  /•• /////<>//  fr>  MM  •in»tli*-r,  mrin,/  (<>  a  'more  m/'i-f 

yi-fWth   of  thf  jirxt    twti  than   of  thr    t'u'l<>,ri  ,i<J  mtftt  (li.LT.    I  They 

glide  over  one  another."  MS  II  is  remarks.  "  lik«-  tin-  tubrsof  a  telescope, 
in  Mich  ;i  way  that.  Viewed  from  the  out -idf,  III-M  tin-  fourth  arch  i< 
surrounded  and  covered  in  by  the  third,  and  this  in  turn  by  the 
Mil.  whereas  on  the  iniirr  siirt'aiv,  tliat  which  i->  tui'iird  toward  the 
j)haiynx.  the  fourth  arch 
OV.T  the  third,  the 
third  over  the  second."  As 
a  result  the  length  of  the 
oro-pharyngeal  cavity  is 
relatively  1«  ss  in  the  older 
than  in  the  younger  em- 
bryos. In  consequence  of 
t  his  inn  (jiial  growth,  which 
moreover  takes  place  in  an 
entirely  similar  way  in  the 
embryos  of  Birds  and  Mam 
inals,  then-  is  formed  a  deep 
depression  of  the  surt'a. 
the  posterior  margin  of  the 
cephalo-cervical  region,  the 
neck-sinus,  sinus  cermcalis 
(RABL)  or  sinus  prcecervi- 
cu/t'x  (His)  (figs.  156  and 
1 5  s  ///,).  Inthedepti 
this  depression  and  on  its 
front  wall  lie  the  third 
and  fourth  vise-era  1  arch*  s. 
which  are  now  no  longer 
visible  from  without.  The 
entrance  to  the  sinu>  is  bounded  in  front  by  the  second  visceral,  or 
the  hyoid,  arch  (zb).  The  latter  gradually  de\ «  h.j.s  a  .MUM  11  j>: 
backward,  wliich  covers  over  the  cervical  Minis  and  ha>  been  juMlv 
compared  by  RATJIKK  with  the  op/ivuluui  of  Fishes  and  Amphibia. 
The  opercular  process  at  last  fuses  with  the  lateral  wall  of  the  /><></,/. 
Thereby  the  «/////.%•  wri'tcali*.  n-hich  r<//-/v>/»'//'/.v  tu  th<  //.///// 

the  o/ierculnm    which   in    /•'/*•// r.s  n,,<l  A  ii<fltil><"  /   th*  real  y it l- 

arches,  is  closed  up. 

One  easily  gets  an  accurate  conception  of  the>«-  important  processes 

19 


Fig.  156.  —Frontal  reconstruction  of  the  oro  pharyngeal 
cavity  of  a  human  embryo  (Ry  of  His)  11  -5  mm.  long, 
neck  measurement.  Kn-ia  II  I,  •  Mfn-.-lilu-ln-  Km- 

.MaKiiiticd  1.  tlianietere. 

The  upper  jaw  ia  seen  in  perspective  th>>  !.. \\.-r  jaw  \\\ 
section.    The  last  visceral  arches  are  no    longer 
.•  externally,  since  they  have  moved  int«  tin- 
il.'jiths  of  the  cervical  sinus. 
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of  growth  by  comparing  fig.   154  with  fig.   156  and  fig.  157  with 
fig.  158. 

The  development  of  the  visceral  clefts  and  the  cervical  sinus  has  also  a 
practical  interest.  Sometimes  there  occur  in  the  neck-region  in  Man  fistulae, 
which  penetrate  variable  distances  from  without  inward,  and  may  even  open 
into  the  pharyngeal  cavity.  They  result  from  embryonic  conditions,  the 
cervical  sinus  having  remained  partly  open.  From  this  sinus  a  passage  may 


I 
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Fig.  157.— Very  young  human  embryo  of  the  fourth  week  4  mm.  long,  neck-rump  measurement; 
taken  from  the  uterus  of  a  suicide  8  hours  after  her  death,  after  RABL. 

au,  Eye  ;  ng,  nasa]  pit;  uk,  lower  jaw  ;  zb,  hyoid  arch;  f,  *',  third  and  fourth  visceral  arches; 
A,  protrusion  of  the  wall  of  the  trunk  produced  by  the  growth  of  the  heart ;  ut,  boundary 
between  two  primitive  segments  ;  oe,  ue,  anterior  and  posterior  limbs. 

lead,  even  in  the  adult,  into  the  pharyngeal  cavity,  if  abnormally  the  second 
visceral  cleft  has  not  closed. 

C.  The  Development  of  the  Anus  and  the  Post-anal  Gut. 

The  question  concerning  the  fate  of  the  primitive  mouth  [blastopore] 
and  the  development  of  the  anus  is  not  yet  settled.  Many  disclosures 
are  still  to  be  expected  from  a  comparative  study  of  these  struct 
in  the  different  classes  of  Vertebrates.  According  to  the  common 
representation,  which  appears  to  me  to  correspond  on  the  whole 
with  the  real  state  of  affairs,  the  primitive  mouth  is  a  transitory 
structure  without  permanent  existence.  In  all  Vertebrates  it  is 
surrounded,  as  in  Amphioxus,  by  the  growth  of  the  medullary  folds, 
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ami  when  the.-e  are  cl<»ed,  it  m  .longer  leads  directly  to  the  outride,  l.ut 
into  the  posterior  end  of  tin-  neural  tuho.  It  has  tli.-r.-l.y  Income 
the  familiar  eanalis  neurent ericu-  itiur  159  ne).  Neural  t ube  and 
intestinal  canal  together  form  a  U-shaped  tube,  at  the  bend  of 
which  th.-  rudiment  of  the  primitive  mouth,  or  primitive  groove,  is 
to  l.i-  sought. 

The  anus  is  a  new  structure.     It  arises  on  tin-  ventral  >ide  of  tho 


Fig.  158.-  Human  embryo  of  the  middle  of  the  fifth  week  9  mm.  long,  neck  rump  measurement, 

after  RABL. 
$,  Mid-brain  [parietal]  elevation  ;  au,  eye ;  ok,  upper  jaw  ;  uk,  lower  jaw ;  zb,  hyoid  arch  ;  hb,  sinus 

cervicalis  ;  ng,  nasal  pit ;  oe,  anterior,  ue,  posterior  limb  ;  nip,  muscle  plates  (trunk-segments). 

body  (fig.  159  an)  at  some  distance  in  front  of  the  place  where  the 
neural  tube  bends  around  into  the  intestine.  Over  a  small 
the  entoderm  and  the  epidermis  here  grow  toward  each  other, 
mid,  by  crowding  aside  the  middle  germ-layer,  come  into  contact  and 
form  a  thin  septum,  the  anal  membrane.  Externally  this  place  is 
characterised  in  many  animals  by  a  depression  of  the  epidermis,  the 
anal  pit  (fig.  159  an).  The  opening  of  the  intestine  to  the  on 
takes  place  in  most  cases  at  a  rather  advanced  stage  of  development 
by  the  rupture  of  the  thin  anal  membrane,  which  consists  of  only 
two  epithelial  layers.  The  process  is  therefore  similar  to  that  by 
which  the  mouth  Is  formed.  In  one  important  point,  however,  there 
exists  a  difference  between  the  opening  at  the  anterior  and  that  at 
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the  posterior  end  of  the  body.  Whereas  the  oral  sinus  comes  in 
contact  with  the  anterior  end  of  the  fore  gut,  the  formation  of  the 
anus  does  not  take  place  at  the  posterior  end  of  the  embryonic  intes- 
tine, which  is  occupied  by  the  primitive  mouth  [blastopore],  but  at 
some  distance  in  front  of  it.  (Compare  also  fig.  126,  that  of  the 
Chick,  in  which  the  region  where  the  anal  pit  is  to  be  formed  is 
designated  by  the  letters  an.)  Consequently  in  the  embryos  of 
Vertebrates,  when  the  anus  has  broken  through,  the  embryonic  in- 
testinal tube  is  still  continued  for  some  distance  back  of  the  anus  to 
the  primitive  mouth.  This  portion  is  designated  as  the  post- anal  or 
caudal  gut  (fig.  126  p.a.g.).  The  latter  designation  is  appropriate, 
because  the  part  of  the  body  which  lies  behind  the  nnus,  in  which  is 

enclosed  the  part 
of  the  intestine 
under  considera- 
tion, becomes  the 
tail-end  of  the 
embryo. 

The  post-anal 
gut  appears  to  be 
established  as  a 
shorter  or  longer 
tract  in  all  Ver- 
tebrates ;  it  has 
already  been  ob- 
served in  the  most 

widely  different  animals  by  several  investigators :  first  by  KOWALEVSKY 
in  Amphioxus,  the  Acipenseridse,  Selachians,  and  Teleosts  ;  then 

by   GOETTE,  BOBRETZKY,    BALFOUR,    HlS,    KoLLIKER,   GASSER,    BRAUN, 

BONNET,  and  others  in  the  Amphibia,  Selachians,  Birds  (fig.  126 
p.a.g.),  and  Mammals.  In  the  Selachians  (Scyllium)  the  post-anal 
section  at  the  time  of  its  greatest  development  attains  about  one- 
third  the  length  of  the  whole  alimentary  canal.  It  exhibits  it- 
end  a  small  vesicular  enlargement,  which  communicates  with  the 
neural  tube  by  means  of  a  narrow  opening.  In  an  advanced  embryo 
of  Bombinator  it  is  also  to  be  seen  well  developed,  as  shown  in  the 
sagittal  section  fig.  159.  It  begins  at  the  place  marked  by 
at  whirh  the  epidermis  has  sunk  down  to  form  the  anal  pit  (an)  and 
at  which  it  has  united  with  the  intestine,  immediately  behind  the 
mass  of  yolk-cells  colic,  t.  .1  in  the  ventral  wall  of  the  latter.  From 
tlii-  point  it  runs  backward  as  a  narrow  but  open  tube,  and  bends 


Fig.    159.  —  Sagittal    section    through    an    advanced    embryo    of 

Bombinator,  after  GOETTE. 
m,  Mouth  ;  an,  anus  ;  I,  liver  ;  ne,  neurenteric  canal ;  me,  medullary 

tube ;  ch,  chorda  ;  7771,  pineal  gland. 
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around  clor-.illy  into  the  neural  tube  as  the  neurenteric  canal.  The 
primitive  mouth,  now  closed,  formerly  lay  at  the  place  of  bending. 

The  post  :m:il  init,  sooner  or  later,  undergoes  regressive  metanu>r- 
phosis  in  all  Vertebrates;  it  loses  its  cavity,  becomes  a  solid  epi- 
thelial cord,  afterwards  deiaches  itself  from  the  ana!  part  •  .f  the 
intestine  and  from  the  neural  tube,  and  then  disappea;  -her. 

Thereby  the  neurenteric  canal,  the  last  remnant  of  the  primitive 
mouth,  has  ceased  to  exist. 

A  few  still  more  specific  statements,  in  accordance  with  the  repre- 
sentations of  STRAHL,  KO'LLIKER,  BONNKT.  K  1:11:1.!.  and  GtiAOOMm, 
concerning  the  formation  of  the  anus  in  Mammals,  may  be  mentioned 


Fig.  160.  -  Sagittal  section  through  the  posterior  end  of  an  embryo  Sheep  16  days  old  and  with 
5  pairs  of  primitive  segments,  after  BONNI.T. 

al,  Allantois  ;  afm,  anal  membrane  ;  am,  anmion  ;  ah,  amuiotic  cavity  ;  ak,  outer  germ-layer,  and 
mi-1,  middle  germ-layer,  which  share  in  the  formation  of  the  amnion  ;  np,  neural  plat*  as 
it  merges  into  the  primitive  streak  ;  pr,  primitive  groove  in  the  region  of  the  neun 
canal ;  U;  inner  germ-layer ;  i»fc%  splanchnic  portion  of  the  middle  germ-layer ;  d,  alimentary 
tube. 

in  this  connection.  The  first  fundament  of  the  anus  is  demonstrable 
even  in  embryos  with  few  primitive  segments.  At  the  posterior  end 
of  the  primitive  streak — at  the  anterior  end  of  which  the  neurenteric 
1 1  is  situated — the  anal  membrane  is  formed  by  the  disappearance 
of  the  middle  germ-layer  over  a  small  area  and  the  close  contact  of 
entoderm  and  epidermis.  This,  however,  takes  place  so  that  tho 
two  latter  layers  always  remain  separated  from  each  other  by  a 
sharp  contour  (fig.  160  afm).  One  might  be  inclined  to  regard 
this  position,  at  the  hindermost  end  of  the  primitive  streak  (pr), 
as  deviating  from  the  representation  ju.-t  given,  according  to  which 
the  anus  arises  on  the  ventral  side  of  the  body  somewhat  in  front  of 
the  neurenteric  canal.  That  is  not  the  case,  however,  as  the  further 
course  of  development  teaches  ;  for  in  meroblastic  eggs,  in  consequence 


294 


EMBRYOLOGY. 


of  the  previously  described  process  of  folding, — by  means  of  which 
the  body  is  formed  from  the  flattened-out  germ-layers, — the  region 
which  originally  lies  behind  the  primitive  groove  comes  to  lie  ventral 
to  and  in  front  of  the  tail-end.  At  a  somewhat  later  stage  than  that 
shown  in  fig.  160,  the  primitive  streak  in  front  of  the  anal  membrane 
grows  outward  as  a  small  ridge  and  subsequently  enlarges  into  the 
tail  of  the  Mammal.  The  neurenteric  canal,  located  in  the  ridge,  is 
overgrown  by  the  medullary  folds,  and  upon  the  complete  closure 
of  the  latter  is  incorporated  in  the  neural  tube,  as  in  the  case  of  the 
remaining  Vertebrates.  In  the  case  of  Mammals  also  there  is  formed 

a  small  caudal  gut,  which  sub- 
sequently degenerates.  The  more 
the  caudal  bud  protrudes  outward 
(fig.  161  sch),  the  more  it  project* 
over  and  beyond  the  anal  mem 
brane  (afm),  which  constantly 
moves  farther  toward  the  ventral 
side  of  the  body  and  is  now  found 
between  the  base  of  the  tail  (sch) 
and  the  fundament  of  the  allan- 
tois  (cd).  The  rupture  of  the  anal 
membrane  takes  place  relatively 
late;  in  the  case  of  Ruminants, 
for  example,  in  embryos  that  are 
more  than  twenty-four  days  old. 
Apparently  the  anus  in  Birds 
arises  in  a  manner  similar  to 
that  in  Mammals.  According  to 

the  statements  of  GASSEH  and  KOLLIKER  its  opening,  produced  by 
the  rupture  of  the  anal  membrane,  occurs  on  the  fifteenth  day. 


i 


Fig.  161.— Sagittal  lection  through  the  tail- 
end  of  an  embryo  Sheep  18  days  old  and 
with  23  pairs  of  primitive  segments,  after 

BONNKT. 

telt,  Tail-bud  or  terminal  ridge  ;  am,  amnion  ; 
mk\  its  mesodermal  (somatic)  layer ;  afm, 
anal  membrane  lying  ventral  to  and  in 
front  of  the  tail-bud  ;  al,  allantoia. 


It  is  asserted  for  many  Vertebrates  (Petromyzon,  Triton,  Salamandra,  Rana 
temporaria,  Alytes)  that  the  primitive  mouth  is  converted  directly  into  the  anus 
(GA88EB,  JOHNSON,  SEDGWICK,  SPENCER,  KUPFFER,  GOETTE).  But  since  the 
development  of  the  posterior  part  of  the  body  proceeds  from  the  margins  of 
the  primitive  mouth  (formation  of  the  chorda  and  of  the  middle  germ-layer), 
it  would  be  difficult  to  understand  how,  in  these  cases,  the  tail-end  of  the  body 
and  a  tail-gut  could  still  be  formed.  Other  investigators  (SCHANZ  and  BONN  ET) 
find  that  the  primitive  mouth  is  divided  into  two  openings— an  anterior,  which 
is  incorporated  in  the  hind  end  of  the  neural  canal  (canalis  neurentericus, 
chorda-blastopore),  and  a  posterior,  which  becomes  the  anus  (anal  blastopore, 
anal  canal).  The  statements,  which  are  still  contradictory,  must  be  cleared 
up  by  means  of  comparative  investigations. 


•mi:   OBOAHI    01    mi:    Q 

II.  Differentiation  of  the  Alimentary  Tube  into  Separate  Regions 
and  Formation  of  the  Mesenteries. 

At  first  the  alimentary  tube  is   broadly  in  OOntftd  (tig.  11G)  with 
the  dorsal   wall  of   tin-   trunk:    it    is   unit«l   to   tin-  clturda  (c/t),  the 
neural  tube,  and  the  primitive  segment!  by  means  of  a  broad  n., 
embryonic  connective  tissue,  in  which  tin-  fundaments  of  two  large 

hlood- \vssels,  the  primitive  aortic  (ao)t  are  «-ncl«»-«  d.  Tin-  right 
lift  portions  of  the  body-cavity  an-  therefore  still  >eparat«d  from 
each  other  on  the  dorsal  side  by  a  considerable  distance.  Tin-  older 
tin-  embryo  is,  the  less  this  distance  becomes,  until  then-  iv>ult>  a 
mesentery,  a  structure  which  is  establish*  d  along  the  whole  length  of 
the  intestinal  tul>e.  with  exception  of  the  anterior  portion,  in  the 
following  manner  (compare,  Plate  I.,  figs.  8  and  D  with  fig.  10).  The 
alimentary  tube  recedes  from  the  chorda;  at  the  same  time  the  broad 
tract  of  connective  tissue  previously  mentioned  becomes  narrower 
from  right  to  left,  but  elongated  dor-..  \» -nt  rally  (fig.  10,  Plate  I.) ; 
the  two  aortae  embraced  in  it  move  nearer  and  nearer  together  ai.d 
finally  fuse  into  a  single  trunk,  which  lies  in  the  median  plane  between 
chorda  and  intestine.  After  the  further  advance  of  this  proce^  the 
alimentary  tube  and  chorda  remain  united  by  means  of  only  a  thin 
hand,  which  stretches  from  the  front  to  the  hind  end  of  the  embryo. 
This  procei  d>  from  the  connective  tissue  enveloping  the  cl.< 
encloses  along  its  line  of  origin  the  aorta,  and  is  composed  of  three 
layers:  a  connective-tusue  lamella,  in  which  blood-vessels  run  to 
the  inti-tine.  and  two  epithelial  coverings,  which  are  derived  from 
the  middle  germ-layer  and  are  now  composed  of  greatly  flattened 

cells. 

The  differentiation  of  tJte  alln»  /,////•//  Me  into  .-fit-ate  non-> 
regions  lying  one  behind  the  other  begins  with  the  development  of  the 
stomach.     This  first  becomes  distinguishable,  at  >ome  distance  be- 
hind the  respiratory  tract,  as  a  small  >pindle  shaped  enlargement,  the 
long  axis  of  which  corresponds  with  that  of  the  body  (iig>.  It'.'J  and 
163  M'/).      Such  a  condition  i>  attained  by  the  human  euibrx  o  of  the 
fourth  week.     Five  succe>-i\e  regions  may  now  be  di>th:gni>h.  d  in 
the  whole  embryonic  alimentary  tube:   the  oral  cavity,  the  tl 
cavity  with  itr-  Visceral  clefts,  which  i-  narrow,  d  into  -  of  a 

funnel   when-  it  merges  into  [the  third  region,]  the  gull.  t.      Ti 
followed  by  the  spindle-shaped  t  nlarg.  ment ,  ;  !.«•  .-toinach.  and   tin- 
latter  by  the  remaining  portion  of  the  alimentary  tube,  which  .--till  is 
more  or  le.-s   bnadly  connected   (Ds)  with   the  yolk->ac.     Excepting 
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the  first  three  regions,  the  whole  alimentary  tube  possesses  a 
mesentery  (mesenterium),  the  part  which  is  attached  to  the  stomach 
being  designated  by  the  special  name  mesogastrium. 

In  many  Fishes  and  Amphibia  this  condition  is  permanent.     Even 
in  the  adult  the  alimentary  tube  takes  only  a  slightly  sinuous  course 


Fig.  162. 


Fig.  163. 


Fig.  162.— Alimentary  tube  of  a  human  embryo  (R  of  His)  5  mm.  long,  neck  measurement    From 

His,  "  Menschliche  Embryonen."    Magnified  20  diameters. 
RT,  RATHKE'S  pocket;  Uk,  lower  jaw  ;  Sd,  thyroid  gland  ;  Ch,  Chorda  dorsalis ;  Klc,  entrance 

to  larynx ;  Lg,  lung ;  My,  stomach  ;  P,  pancreas ;  Lbg,  hepatic  duct ;  Dt,  vitelline  duct 

(stalk  of  the  intestine)  ;  All,  allantoic  duct ;  W,  Wolffian  duct,  with  budding  kidney-duct 

(ureter)  ;  B,  buna  pelvis. 

Fig.  163. — Alimentary  tube  of  a  human  embryo  (Bl  of  His)  4*25  mm.  long,  neck  measurement 

From  His,  "  Menschliche  Embryonen."    Magnified  30  diameters. 
The  abbreviations  mean  the  same  as  in  fig.  162. 

through  the  body-cavity.     The  stomach  appears  as  a  spindle-shaped 
enlargement  of  it. 

An  alteration  is  brought  about  in  all  higher  Vertebrates  by 
a  more  or  less  considerable  increase  in  the  length  of  the  tube, 
which  eventually  far  exceeds  that  of  the  trunk.  Consequently 
the  alimentary  tube,  in  order  to  find  room  for  itself  in  the 
body  cavity,  is  compelled  to  take  a  tortuous  course.  In  this  way 
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kin    |  art-    remain    near    the    \«  rtel.ial    ••oluinii,    whereas   others, 
n-Milt   of   the   folding,    are   more    distant.     The   former   are 
lied    I  iy    imans   of   a    nairow    ine>«-ntery    and  are  consequently 
tea    movable,    tin-    latter  by  their  change  in   position   have  drawn 
out    their   Mi>pen>orial    land    into   a    tliin    lamella,    which    soiin-t  inn-> 
attain- a  r,  markable  breadth  and  allows  a  correspondingly  incr. 
fret  doin  of  motion. 

The  processes  of  development, 
which  are  in  part  very  complicated, 
are  satisfactorily  explained  by  theex- 
cellent  works  of  M  ECKEL,  JOHANM> 
MILLER,  TOLDT,  and  His,  even  in 
the  case  of  human  embryos,  so  that 
th« -so  may  serve  as  a  foundation  for 
the  description. 

In  human  embryos  of  the  fifth 
and  sixth  weeks  the  posterior  sur- 
face of  the  stomach,  that  which  is 
turned  toward  the  vertebral  column 
(fig.  164  gc\  is  greatly  distended; 
the  anterior  wall  (kc)  on  the  con- 
trary, which  upon  opening  the 
body-cavity  is  found  to  be  covered 
by  the  already  voluminous  liver,  i- 
somewhat  depressed.  Consequently 
a  line  running  along  the  posterior 
surface  from  the  entrance  of  the 
stomach  (cardia)  to  its  outlet 
(pylorus)  is  much  longer  than  the 
corresponding  line  along  the  an- 
terior Mirface.  The  latter  becomes 
the  future  lesser  curvature  (kc) ; 

the  former,  along  which  the  mesogastrimn  ia  attached,  is  the  gr.- 
curvature  (gc). 

The,  portion  of  the  tube  which  follows  the  stomach  has  become 
folded,  in  consequence  of  its  great  increase  in  length.  From  the 
pylorus  the  intestinal  tube  (du)  at  ti-M  runs  backward  [donad]  for 
a  short  distance  until  it  is  close  to  the  vertebral  column,  makes  a 
sharp  hcnd  here,  and  then  describes  a  large  loop,  the  convexity  of 
which  is  directed  forward  [ventrad]  and  downward  [caudud]  toward 
the  navel.  The  loop  consists  of  two  m-arly  parallel  arm-  (dl  and  d*) 


Fig.  154.— Diagrammatic  representation 
of  the  alimentary  canal  of  a  six-weeks 
embryo  of  Man,  .u 

tp,  (Esophagus;  kc,  lesser  curvature: 
yc,  greater  curvature  of  the  stomach  ; 
du,  duodenum  ;  d\  part  of  the  loop 
that  will  become  the  small  intestine ; 
d1,  pa»t  of  the  loop  that  will  become 
the  large  intestine  and  begins  with 
the  ccecum ;  ds,  place  of  connection 
with  the  vitclliue  duct;  nip,  me«o- 
gastriuin  ;  ms,  niejenteriuiu  ;  in, 
spleen  ;  ;>,  pancreas ;  r,  rectum  ; 
ao,  aorta ;  el,  ooeliaca ;  nui, 
terica  inferior ;  ac,  aorta  caudalis. 
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running  near  each  other,  between  which  is  stretched  the  mesentery 
(ms),  which  is  likewise  drawn  out  with  the  loop.  One  arm  (dl)  lies 
in  front  and  is  directed  backward,  the  other  (d2)  lies  behind  it  and 
runs  upward,  to  be  again  bent  near  the  vertebral  column ;  thence, 
supported  by  a  narrow  mesentery,  it  pursues  a  straight  course  (r) 
backward  to  the  anus.  The  transition  from  the  first  to  the  second 
arm,  or  the  apex  of  the  loop,  is  imbedded  in  an  excavation  in  the 
foetal  end  of  the  umbilical  cord,  and  it  is  there  in  communication 
with  the  umbilical  vesicle  by  means  of  the  vitelline  duct  (dz),  now 
in  process  of  degeneration.  At  some  distance  from  the  origin  of 
the  vitelline  duct  there  is  to  be  seen  in  the  second  arm  of  the  loop 
a  small  enlargement  and  evagination  (d2).  This  is  afterwards  de- 
velopsd  into  the  caecum,  and  it  therefore  indicates  the  important 
boundary  between  the  small  and  large  intestine. 

In  consequence  of  these  first  foldings  four  regions  of  the  intestine 
can  be  distinguished  even  now;  these  are  more  sharply  separated 
later.  The  short  portion,  running  from  the  stomach  to  the  back- 
bone and  provided  with  a  small  mesentery,  becomes  the  duodenum 
(du) ;  the  anterior  [ventral],  descending  arm  (dl),  together  with  the 
bend  in  the  loop,  furnishes  the  small  intestine  ;  the  posterior  [dorsal], 
ascending  arm  is  developed  into  the  colon  (d2),  and  the  terminal 
part,  embracing  the  last  bend,  into  the  sigmoid  flexure  and  the 
rectum  (r). 

In  embryos  of  the  third  and  following  months  there  occur,  in  con- 
nection with  a  further  increase  in  length,  important  changes  in  the 
position  of  the  stomach  and  the  intestinal  loops. 

The  stomach  undergoes  a  double  twisting,  about  two  different  axes, 
and  thereby  early  acquires  a  form  and  position  (figs.  165  A  and  B) 
which  correspond  approximately  to  the  permanent  condition.  First 
its  longitudinal  axis,  which  unites  cardia  and  pylorus  and  is  in  the 
beginning  parallel  with  the  vertebral  column,  takes  an  oblique  and 
finally  an  almost  transverse  position,  in  consequence  of  a  rotation 
around  the  dorso-ventral  axis.  Thereby  the  cardia  moves  to  the  left 
half  of  the  body  and  downwards,  but  the  pylorus  more  to  the  ri«rlit 
side  and  somewhat  higher.  Secondly,  at  the  same  time  the  stomach 
experiences  a  torsion  around  its  longitudinal  axis,  by  which  the 
originally  left  side  becomes  the  front  [ventral]  and  the  right  the  back 
[dorsal].  Consequently  the  greater  curvature  comes  to  lie  below 
[posterior],  the  lesser  above  [anterior].  The  terminal  part  of  the 
tesophagus  is  also  affected  by  the  torsion  ;  it  undergo?s  a  spiral 
twisting,  by  which  its  left  side  becomes  the  front. 
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The  embryonic  processes  of  growth  in  the  case  of  the  a 

light  on   tin-  asuninrtrical  position  of   the  two  in-r\i  va<_'i,  whirh    pass  through 
tin-  diaphragm,  the  left  mi   tin-   front    >!<!••  «-f  ll.c  u^opha-u>  to  be  distri 

..f  tli.-  stomach.  th«-  rL'ht  on  the  ba<  the  oesophagus 

to  the  corresponding  surfa--*'  of  the  stomach.  ,i<*ine  the  process  of 

a  in  case  of  the  oesophagus  and  stomach  to  be  :  inmetry  in 

the  OOHTS6  and  distribution  of  the  vagi  will  be  completely  resto: 


tor>ion  of  the  stomach  nat  ufally  exercises  a  great  influence  on 
the  mesogustrium,  and,  as  JOH.  MULLER  was  the  first  tosho\\-  clearly, 


Fig.  165.— Diagram  of  the  development  of  the  human  alimentary  canal  and  its  mesentery. 

A,  earlier,  B,  later  stage. 

yn,  Greater  omentum,  which  is  developed  from  the  mesogastrium  (fig.  164  my).     The  arrow 

indicates  the  entrance  to  the  omentum  (bursa  omentalis).     ye,  Greater  curvature  of  the 

stomach  ;  gg,  ductus  choledochus  ;   t/K,  duodenum  ;   met,  mesenterium  ;   me,  mesooolon  ; 

dd,  small  intestine  ;  di,  large  intestine  (colon) ;  md,  rectum  ;  dg,  vitelline  duct ;  Hd,  caecum  ; 

vf,  aj>i>iTi'lt\  vermiformis;  k,  place  where  the  loops  of  the  intestine  cross  each  other.    The 

colon  with  its  mesocolon  crosses  the  duodenum. 

initiates  the  development  of  the  greater  omentum  (omentum  maju-). 
A-  long  as  the  stomach  ha-  a  vertical  position,  its  mo.-ntri-y  is  a 
vertical  lamella,  which  stivu-lu's  from  the  vertebral  column  (fig.  164) 
din  c-tly  to  the  greater  curvature,  that  is  still  olinvtol  backward 
[dorsad J.  But  in  consequence  of  the  torsion  it  becomes  greatly 
>ti»  ti  lied  and  enlarged,  because  its  attachment  to  the  stomach  must 
follow  all  the  displacements  of  that  organ.  From  its  origin  at  the 
vertebral  column,  it  therefore  now  betakes  it>-lt  t«>  tho  1,  ft  and 
downward  to  become  attached  to  the  grea  iture  of  the 

stomach  ;  it  assumes  a  shape  and  position  of  which  the  reader  will 
easily  form  a  correct  idea  if  he  mentally  combines  the  diagram  of 
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fig.  165  with  the  cross  section  shown  in  fig.  166.  In  this  way  there 
is  formed  a  cavity  (bursa  omentalis,  fig.  166  **),  separated  from  the 
rest  of  the  body-cavity,  which  has  its  opening  turned  toward  the 
right,  whose  front  wall  is  formed  by  the  stomach  and  whose  back  and 
lower  wall  is  formed  by  the  mesogastrium  (gnl,  gn?).  In  the  diagram- 
matic figures  165  A  and  B  the  entrance  to  the  bursa  is  indicated  by 
the  direction  of  the  arrows. 

The  bursa  omentalis  (fig.  166  **)  moreover  acquires  a  still  greater  extension 
from  the  fact  that  the  liver  (I)  has  by  this  time  grown  into  a  large  gland,  and  is 
united  to  the  lesser  curvature  of  the  stomach  by  means  of  the  lesser  omentum 

(kn)t  the  development  of  which 

,m  ao  »ii     ,n  w®  shall  treat  of  later.    There- 

fore the  bursa  does  not  open, 
as  in  the  diagram  (fig.  165),  in 
which  the  liver  with  its  liga- 
ments is  omitted,  at  once  into 
the  common  body-cavity  at  the 
lesser  curvature  of  the  stomach, 
but  first  into  an  ante-chamber 
(theatrium  bursa  omcntalis),or 
the  lesser  omental  pocket,  which 
lies  behind  the  lesser  omentum 
(kn)  and  the  liver  (/). 

I  kn  fjn    p         gc  gri*    I 

The  intestinal  loop  with 
its  mesentery  passes  through 
a  no  less  fundamental  t< 
ing  around  its  place  of  at- 
tachment in  the  lumbar 
region  than  the  stomach 
does.  The  descending 
and  the  ascending  arms 
at  first  lie  side  by  side. 

Then  the  latter,  which  becomes  the  colon  (fig.  165),  lays  itself  obliquely 
over  [ventral  to]  the  former,  and  crosses  the  beginning  of  the  small 
intestine  (k)  transversely.  Both  parts,  but  especially  the  small  in- 
testine, continue  from  the  end  of  the  second  month  to  increase  rapidly 
in  length  and  to  take  on  a  folded  condition.  Meanwhile  the  initial 
part  of  the  colon,  or  the  ccecum  (fig.  165  A  bid),  which  exhibits  even 
in  the  third  month  a  curved,  sickle-shaped,  vermiform  appendage, 
comes  to  lie  wholly  on  the  right  side  of  the  body  up  under  the 
liver;  from  here  it  runs  in  a  transverse  direction  across  [ventral 
to]  the  duodenum  under  [caudad  of]  the  stomach  to  the  region  of 
the  spleen,  then  bends  sharply  about  (flexura  coli  lienalis)  and 


Fig.  166.— Diagrammatic  cross  section  through  the 
trunk  of  a  human  embryo  in  the  region  of  the 
stomach  and  mesogastrium,  to  show  the  formation 
of  the  omentum,  at  the  beginning  of  the  third 
month,  after  TOLDT. 

nn,  Suprarenal  bodies  ;  ao,  aorta ;  I,  liver ;  m,  spleen  ; 
y,  pancreas  ;  gn\  origin  of  the  greater  omentum 
(mesogastrium)  at  the  vertebral  column  ;  gn1,  the 
part  of  the  mesogastrium  which  is  attached  to  the 
greater  curvature  (gc)  of  the  stomach  ;  kn,  lesser 
omentum ;  gc,  greater  curvature  of  the  stomach. 
*  Atrium  and  cavity  of  the  greater  omentum. 
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'(>  tin-  left  pelvic  region,  win-re  it  is  contimml  into  the 
rigmoid  flexure  and  m-tum.  Then-ton-  then- are  distinguishable  in 
the  colon,  even  in  tin-  third  month,  tin-  curum,  the  transverse  and 
tin-  descending  colon.  An  aM-ending  colon  is  -till  wanting.  It  is 
formed  in  the  succeeding  months  (lig.  165  B)  hy  tin-  gradual  .-inking 
o!,.\\n  of  the  ccecum,  which  was  at  iir>t  undi-r  tin-  liver,  until  in  the 
si-MMith  month  it  is  below  the  right  kidney,  and  from  the  eighth 
month  onward  d- •> .-••mis  past  the  crest  of  tin-  ilium. 

Meanwhile  the  ccecum  has  increased  in  length  and  toward  the 
end  of  pregnancy  is  a  rather  large  appendage  at  the  place  of  tran- 
sition from  the  small  to  the  large  inn-Mine.  It  early  exhil>i 
want  of  uniformity  in  development  (fig.  165  B  bid).  The  terminal 
part,  whirh  often  embraces  more  than  half  its  length,  does  not  keep 
pace  in  its  growth  with  the  more  rapidly  enlarging  proximal  portion; 
t  he  former  is  designated  as  the  appendix  vermiformis,  the  latter  as  the 
ft,  At  the  time  of  birth  the  vermiform  appendage  is  still  not 
>o  sharply  differentiated  from  the  coecum  as  it  is  a  few  years  later, 
when  it  has  been  converted  into  an  appendage  of  the  size  of  a  goose- 
quill  and  6  to  8  cm.  long. 

\V  it  hin  the  region  embraced  by  the  bends  of  the  large  intest  int. 
the  small  intestine,  which  is  derived  from  the  descending  arm  of 
the  loop,  is  disposed  in  more  and  more  numerous  folds  owing  to 
its  extensive  growth  in  length  (fig.  165  B). 

At  lir>t  all  regions  of  the  intestine  from  the  stomach  onward  are 
so  united  to  the  lumbar  region  of  the  vertebral  column  by  means  of 
a  common  mesentery  (mesenterium  commune)  that  they  can  move 
freely  (fig.  165  A  and  B).  The  mesentery  is  naturally  influenced  by 
the  increase  in  the  length  of  the  intestine,  inasmuch  as  its  line  of 
insertion  on  the  intestine  exceeds  in  length  many  times  the  line  of 
origin  at  the  vertebral  column  (radix  mesenterii),  and  is  thereby  laid 
into  folds  like  a  frill.  Such  an  arrangement  of  the  mesentery  i> 
found  to  be  the  permanent  condition  in  many  Mammals,  as  in  the 
Dog,  the  Cat,  etc. 

But  in  the  case  of  Man,  from  the  fourth  month  onward,  the 
arrangement  of  the  mesentery  is  much  more  complicated.  T 

changes  which    may    l»e    briefly    chura«-t«-ri>ed    as  j/rocesaes  of 
and  concrescence  of  certain  portions  of  the  me8ent»'rinl  In 
contiguous  parts  of  the  peritoneum,  either  of  th«    ;>o-teiior  wall 
of   the    body-cavity,    or    of  neighboring   organs.      They   affect  the 
nit  >entery  of  the  duodenum  and  colon,  which   i>  alway>   present   in 
the  lirst  half  of  embryonic  developnu-nt. 
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The  duodenum,  describing  the  well-known  horseshoe-shaped  curve, 
applies  its  mesentery,  in  which  the  beginning  of  the  pancreas  is  en- 
closed, broadly  to  the  posterior  wall  of  the  body,  and  fuses  throughout 
its  whole  extent  with  the  peritoneum  of  the  latter;  from  being 
a  movable  it  has  become  an  immovable  portion  of  the  intestine 
(fig.  167  du). 

The  large  intestine  (figs.  165  and  167  A  and  B  ct)  still  possesses  in 
the  third  month  a  very  broad  suspensorium  arising  from  the  vertebral 
column,  which  is  nothing  else  than  a  part  of  the  common  mesentery 


Fig.  167  A  B.— Two  diagrams  to  illustrate  the  development  of  the  bursa  omentalii. 

A,  earlier,  2i,  later  stage. 

*/,  Diaphragm  ;  I,  liver  ;  p,  pancreas;  mg,  stomach ;  gc,  its  greatw  curvature ;  du,  duodenum  ; 
dd,  small  intestine;  ct,  colon  transversum  ;  *,  bursa  omentalis;  kn,  lesser  omentum  ; 
ffn\  posterior  [dorsal]  lamella  of  the  greater  omentum,  arising  from  the  vertebral  column  ; 
pn*,  anterior  [ventral]  lamella  of  the  same,  attached  to  the  greater  curvature  of  the  stomach 
(gc) ;  gn>,  the  part  of  the  omentum  which  has  grown  over  the  small  intestine ;  gn',  the 
part  of  the  omentum  which  encloses  the  pancreas ;  mes,  mesentery  of  the  small  intestine ; 
I*K,  mesocolon  of  the  transverse  colon. 

of  the  intestine,  but  which  has  received  the  special  designation  of 
mesocolon  (mac).  In  consequence  of  the  previously  described  twisting 
of  the  primitive  loop  of  the  intestine,  not  only  the  colon  trans- 
versum, but  also  the  considerable  mesocolon  belonging  to  it,  has  been 
drawn  transversely  across  the  end  of  the  duodenum ;  for  a  certain 
distance  it  fuses  with  the  latter  and  with  the  posterior  wall  of  the 
body,  thereby  acquires  a  new  secondary  line  of  attachment  (fig.  167 
mac)  running  from  right  to  left,  and  thus  appears  as  a  part  that  has 
become  detached  from  the  common  mesentery.  The  colon  transversum 
(ct)  with  its  mesocolon  (msc)  now  divides  the  body-cavity  into  an 
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[anterior]  part,  which  contain-*  tin-  >tomach,   liver,   duodenum, 
niul  pancreas,  and  a  lower  part,  holding  tin-  small  inh->i  inc. 

Thus  embnoloify  explains  the  .-trikin:,'  condition   of  tin-  duodenum, 
which,  in  order  to  pass  from  (lie  upper  to  the  lower  space  and  to 
me  continuou>  wit  li  the  small  inteM  ine.  pa— e>  underneat  h  !  «l..r>al 
to]  the  transversely  out>t  retch. -d  m.-orol,  ,1,  (!i<_r-.   !'''"»  ami   1»)7  •  ///). 

Al>«>  in  th«-  case  of  the  suspensorium  of  the  cuu  -urn,    ami    of  tl,.- 
as.-. 'inline  ami  d<  scending  arms  of  the  colon,  there  occurs  a  more  or 
le»  extensive  i  oiictv.M-ence  with  the  peritoneum   of  the  wall  of 
trunk.       Therefore    in    tin-    adult    the   parts  of   tin-   intestine,    li 
sometimes  lie  with  their  posterior  wall  hroadlv  in  contact  with  the 
lody-wa!l;   -oinetimes  they  are  supported   l»y  a  broad*",-  or   narrower 
mo.  ntery. 

There  still  remain  to  be  described  the  impoitant  changes  of  the 
l-ni'xn  onn  Ufa/fa,  the  development  of  which  during  the  first  months  of 
embryonic  life  we  have  already  (p.  299)  become  acquainted  with. 
The  hursiv  is  distinguished,  HIM.  by  a  very  considerable  growth, 
and,  secondly,  by  the  fact  that  it  fuses  with  neighboring  organs  at 
various  places.  In  the  beginning  it  rearho  only  to  the  <:i> 
curvature  of  the  stomach  (figs.  165,  166),  to  which  it  i>  atta 
but  even  from  the  third  month  onward  it  enlarges  and  la\>  it>elf  over 
[ventral  to]  the  viscera  which  lie  below  the  stomach,  at  first  ovei 
tran>veise  colon  (fig.  167  A  gnl,  gn~),  then  over  the  whole  of  the 
small  intestine  (fig.  167  A  yri*).  The  bursa  consists,  as  far  as  it  has 
extended  downv.ards,  of  two  lamella?,  which  lie  close  to  each  other, 
separated  by  only  a  very  narrow  .-space,  and  are  continuous  at  their 
lower  margin.  <  )f  these  the  more  superficial,  the  one  which  i>  in 
to  the  ventral  wall  of  the  belly,  is  attached  to  the  greater  curvature 
of  the  stomach  (tjc)\  the  posterior  [dorsal]  lamella,  which  lies  upon 
the  intestine>.  is  originally  attached  to  the  vertebral  column  and  here 
ctic!»-e>  the  main  part  of  the  pancre»8(fig8.  l'i~  A  p  and  166^?).  In 
the  case  of  many  Mammals  (Dog)  the  bursa  omentali-  remains  in 
this  condition.  In  Man  it  l»e^in>  a>  early  as  the  fourth  month 
to  undergo  fusions  (fig.  167  B ).  On  the  left  side  of  the  body  the 
pL.Merior  lamella  repo-e-  on  the  poMerior  wall  of  the  Ixdy  over  a 
large  extent  of  surface,  and  fuses  with  it  i  -hat  its  line  of 

attachment  to  the   vertebral  column   nm\-  1  up  ;«>   the  origin 

of  the  diaphragm  (li«:.  phivnico-lienalei.      Ktrth.  r  down  it  glides  over 
the    upper    [anterior]  surface  of  the  0*0)  an. I  over  the 

transverse  colon   (ct) ;   it  becomes   fu>ed  with  hoth  of  them,  with  the 
former  as  early    a>  the  fourth  embryonic  month.      At  the  time  of 
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birth  the  two  lamellae  of  the  portion  of  the  bursa  which  has  grown 
over  the  intestines  are,  as  in  many  Mammals,  separated  by  a  narrow 
fissure  (fig.  167  B  ynz) ;  during  the  first  and  second  years  after  birth 
they  ordinarily  fuse  into  a  single  lamella  in  which  fat  is  deposited. 

III.  Development  of  the  Separate  Organs  of  the  Alimentary  Tube. 

The  simple  growth  in  length,  to  which  is  to  bo  referred  the  for- 
mation of  the  convolutions  just  described,  is  only  one  and  certainly 
not  the  chief  means  by  which  the  inner  surface  of  the  intestine  is 
increased.  The  latter  acquires  a  much  greater  addition  from  the 
fact  that  the  inner,  originally  smooth  epithelial  layer,  which  is 
derived  from  the  entoblast  of  the  germ,  forms  evaginations  and 
invaginations.  By  invaginations  toward  the  cavity  of  the  intestine 
there  arise  numerous  folds,  small  papillae  and  villi,  which  give  to  the 
mucous  membrane  at  most  places  a  velvety  structure ;  by  evagina- 
tions toward  the  outer  surface  of  the  tube  there  are  developed 
various  kinds  of  larger  and  smaller  glands. 

By  this  simple  device,  the  formation  of  folds, — the  great  importance 
of  which  in  the  determination  of  form  in  animals  was  particularly 
set  forth  in  Chapter  IV.  of  Part  I., — the  mucous  membrane  acquin-s 
to  a  much  greater  extent  the  ability  :  (1)  to  secrete  digestive  fluids, 
and  (2)  to  absorb  the  nutritive  substances  that  are  mechanically  and 
chemically  prepared  in  the  intestine,  and  to  transfer  them  into  the 
body-fluids. 

I  discuss  the  numerous  organs  which  are  produced  by  the  process 
of  folding  according  to  the  regions  into  which  the  intestinal  tube  is 
divided,  beginning  with  the  organs  of  the  oral  cavity. 

A.  The  Or  gam  of  the  Oral  Cavity  :  Tongue,  Salivary  Glands,  and  Teeth. 

(1)  The  Tongue  arises,  according  to  the  investigations  of  His  upon 
human  embryos,  out  of  an  anterior  and  a  posterior  fundament 
(tig.  168). 

The  anterior  fundament  appears  very  early  as  an  unpaired  eleva- 
tion (tuberculum  impar,  His)  on  the  floor  of  the  oral  cavity  in  the 
apace  surrounded  by  the  mandibular  ridges.  It  grows  a  good  deal 
in  width,  and  its  anterior  margin  projects  free  over  the  mandible, 
thus  forming  the  body  and  tip  of  the  tongue.  Even  as  early  as  the 
beginning  of  the  third  month  some  papillae  make  their  appearance 

On  it  (HlS,    KttLLIKER). 

The  posterior  fundament  produces  the  root  of  the  tongue, 
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although  fr<  e  from  papilla-,  is  richly  pro\  idcd  with   follicular    L'l 
1 1  is  developed  out  of  t\\o  ridg«  s  in  th«-  region  where  the  second  an- 1 
third    visceial    arches    conic    together    in    the    median    plane.      The 
anterior    and     po.M«rior    fundaments    unite    in    a    Y.-hapi-d    furrow, 
the   arms  of   wliich  diverge-   in  front.      The  circum\  allate  papillae  are 
formed  on  the  body  of  the  tongue  along  this  furn.w.  wliich   p<  i 
for  a  long  time.      Win-re  the  two  arms  of  the  V  meet  there  is  a  d<  «-p 
pit,  the  foramen  coecum,  which  His  ha-  hrought  into  connection  with 
the  origin  of  the  thyroid  glands,  which  will  soon  be  discussed. 

(2)  The  Salivary  Glands  are  demonstrable*  even   in  the  second 
month.     The  fundament  of  the  submaxillary  appears  first  in  human 
embryos   at   the   sixth    week 

(('HIKVITZ),  afterwards  the 
parotid  in  the  eighth  week, 
and  finally  the  sublingual. 

(3)  From   a    morphological 
point  of  view,  the  Teeth  can 
well  he  de.Mgnated  as  the  most 
interesting   structures  of   the 
oral    cavity.      Their   develop- 
ment  in    Man   and    Manmjals 
is  accomplished  in  a   manner 
Which    is   n,i,l,e,   shnple   nor 

easily        intelligible  ;       in      the  "  Menschliche  Emlm 

lower  Vertebrates,  on  the  con- 
trary, it  is  simpler,  and  for  that  reason  I  shall  mak 
as  the  starting-point  of  the  description. 

The  teeth,  wliich  in  Mammals  are  attached  to  the  edges  of  the 
and  only  bound  the  entrance  to  the  alimentary  tube,  possess  in  the 
lower  Vertebrates  a  very  wide  distribution.  For  in  many  species  they 
not  only  cover  the  roof  and  the  floor  of  the  oral  cavity  and  the  inner 
Mil-face  of  the  branchial  aivlu  s  in  imiiien>e  nuinbei  s.  as  palatal, 
lingual,  and  pharyngeal  teeth,  but  the  . .  di>t  rilniied  in  cWe-set 

rows    over   the  whole  surface  of  the  skin,  and   p:  tf    in   the 

N-lachiai  ig  and  at  the  same  time  flexible  coat  of  mail. 

The  teeth  are  ori>/in(ill//  iwtlt*  <m  ossified  pafnlltr  <>/  the  skin 

and  the  •///  nitn-mn'.  upon  tiie  <-ontiguou>  MM  ni,-h  thev 

are  formed.     The  tlrirhijmtrnt  <>f  the  dermal  teeth  in  Selachians  shows 
this  in  a  very  convincing  ma; 

In  young  Shark  embryos,  by  a  prolifeiation  on  the  part  of  the  sub- 
epithelial  cells,  there  are  developed  on  the  otherwise  smooth  surface 

20 
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cf  the  dermis,  which  comes  from  the  embryonic  mesenchyme,  small 
papillae  composed  of  numerous  cells  (fig.  169  zp),  and  these  penetrate 
into  the  thick  overlying  epidermis.  The  latter  also  undergoes 
changes  on  its  part,  which  are  directed  toward  the  formation  of  the 
tooth ;  for  those  of  its  cells  which  immediately  cover  the  papilla 
grow  out  into  very  long  cylindrical  forms,  and  produce  an  organ  the 
function  of  which  is  to  secrete  enamel,  the  so-called  enamel-membrane 
(fig.  169  am).  By  means  of  further  growth  the  whole  fundament 


Fig.  169.— Very  young  fundament  of  a  dermal  tooth  (a  placoid  scale)  of  a  Selachian  embryo. 
zp,  Dental  papilla  ;  am,  enamel-membrane. 

next  assumes  a  form  which  corresponds  to  the  future  hard  structure 
(fig.  170). 

Then  the  process  of  ossification  begins.  There  is  secreted  by  the 
most  superficial  cells  of  the  papilla  (o),  the  odontoblast-layer  (mem- 
brana  eboris),  a  thin  layer  of  dentine  (zb),  which  rests  upon  the 
papilla  like  a  cap.  At  the  same  time  the  enamel-membrane  (sm) 
begins  its  secretive  activity,  and  coats  the  outer  surface  of  the 
dentinal  cap  (zb)  with  a  firm,  thin  layer  of  enamel  (a).  The  body  of 
the  tooth  is  developed  and  becomes  ever  firmer  and  larger  by  the 
subsequent  continual  deposition  of  new  layers  on  the  first-formed 
ones, — on  the  dentinal  cap  new  dentine  from  within  through  the 
activity  of  the  odontoblasts ;  on  the  coating  of  enamel  new  layers  of 
enamel  from  without,  through  the  action  of  the  enamel-membrane. 
Thus  the  structure  projects  more  and  more  above  the  level  of  the 
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-kin,  and  ll.«'  tip  .-f   the  tooth    finally  hreaks   thron-h    tin*  epid.-rmal 
c,. \d-iiiLr.      The  t«...th  then  acquire-  a    Mill  firmer   at  tachm«-nt    r 
dermi>  from  tin-  fact    that,  at  the  surface  where  the  lower  mar;.' 
t  lie  il.  Tit  in.-  occurs,  salts  of  lime  air  deposited  in  the  MIJ  ertic  ial  layers 
of  the  connective   ti»ue  (///-).  and   thus  a    kind   of   ronnei-t  i\«--t . 

ii  in.-,  tin-  ct'iin'uhmi  of  t}te  tooth,  is  produced 

Tin-  finished  tooth   therefore  is  eonstrueted  out    of   three  calcified 
tissut  s,  which    arise   from    three  fundaments.       /'/<• 


Fig.  170.  -Longitudinal  section  through  an  older  fundament  of  a  dermal  tooth  of 

embryo. 
e,  Epidermis;  tl,  the  deepest  layer  of  epidermal  cells,  which  are  cubical;  «cA,  mucous  cells; 

/A',  tin?  ji.irt  of  the  ilfiiiiis  uhich  is  composed  of  connective-tissue  lamellae  ;  Ik',  superficial 

layer  of  the  dennis  ;  .-...  <ifiit;il  papilla  ;  o,  odontoblaato  ;  z6,  deirane  ;  s,  enamel  ;  sm,  enamel- 

membrane. 


takes  its  oriyinfrom  the  odontoblast-l"  <1>  ,if<t!  fxipilla  (mesen- 

cJii/i/ii').  tin'  <  it<nD<  I  from  the  epithelial  en«  »'  (outer  germ- 

ad  the  cementum  from  connective  tissue 

IHI-HIIX  »f  Direct  ossification.  The  tini>he»l  t<H>tli  has,  moreover, 
within  it  a  cavity,  which  is  tilled  with  a  va>cular  connect  iv<-  tissue 
(/////;>),  the  remnant  of  the  papilla.  When  the  enamel-membrane 
has  fulfilled  its  office  it  peri-he-,  f..r  in  the  procos  of  secretion  its 
cells  hecome  shorter  and  >hoi-ter,  and  are  finally  reduced  to  f! 
which  are  afterwards  thrown  oil'. 

In  Selachians  the  formation  of  the  teeth  which  occupy  the  edges 
of  the  jaws  and  serve  for  the  comminution  of  the  food  ditli-rs  from 
this  simple  process  in  one  important  point  ;  they  take  their  origin, 
not  on  the  free  surface  of  the  mucous  membrane,  but  in  its 
depths  (fig.  171).  Th<  'I  tract  of  the  oral  mvcous  membrane 
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which  shares  in  the  formation  of  teeth  has  sunk  deep  down  in  the  form 
of  a  ridge  (zl)  on  the  inner  surface  of  the  jaw-arches,  into  the  under- 
lying loose  connective  tissue,  and  now  represents  a  special  organ, 
distinguishable  from  its  surroundings.  This  important  difference  is 
produced  by  the  fact  that  in  the  development  of  the  teeth  of  the  jaws 
more  active  processes  of  growth  take  place,  first  because  these  teeth 
are  much  larger  than  the  dermal  teeth,  and,  secondly,  because  they 
are  more  rapidly  worn  out  and  must  consequently  be  more  rapidly 
replaced  by  supplementary  teeth.  As  we  have  often  had  the  oppor- 
tunity of  observing  in  the  study  of  the  production  of  morphological 
conditions  in  animals  generally,  portions  of  epithelial  membranes  that 


tm  tb   » 


fig.  171.— Cross  section  through  the  lower  jaw  of  a  Selachian  embryo  with  fundaments  of  teeth. 
k,  Mamiibular  cartilage  ;  zl,  dental  ridge  ;  zp,  dental  papilla  ;  zb,  dentine;  s,  enamel ;  sm,  enamel- 
membrane  ;  6,  connective-tissue  part  of  the  mucous  membrane. 

•.-row  more  rapidly  than  their  surroundings  emerge  from  the  latter 
and  become  folded  either  outward  or  inward. 

The  process  of  the  formation  of  teeth  is  the  same  on  t/ie  dental  ridge 
itself  as  upon  the  free  surface  of  the  skin.  There  are  developed  on  its 
outer  side,  which  is  turned  toward  the  cartilage  of  the  jaw  (k), 
numerous  papillae  (zp),  lying  alongside  of  and  behind  one  another, 
which  grow  into  the  invaginated  epithelium  just  as  the  dermal 
papillae  grow  into  the  epidermis.  Thus  there  arise  in  the  depths  of 
the  mucous  membrane  several  rows  of  teeth,  of  which  the  most 
superficial  anticipate  in  development  those  which  lie  deeper ;  the 
former  are  the  first  to  break  through  the  mucous  membrane,  to 
become  functional,  and,  after  having  been  worn  out,  to  be  cast  off; 
they  are  also  the  first  to  be  supplanted  by  reserve  teeth,  which  lie 
behind  them,  and,  developing  somewhat  later,  are  consequently 
younger. 
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"Whereas  in    tli«-   Selachians,  as   well    as    in    tin*   !  rtebrates 

generally,  tin-  rtplacemtnt  <>/ t»-th  A//  new  ones  is  throughout   life  an 

vnlunit"!  proces>.  since   new    papilhe  are  continually  In-ing  formed 

in  tin-  depths  of  tin-  dental  ridgo  (polyphyoda  in  tli"  higher 

Vertebrates  more  limited,  ami   in   most    Mammals  occurs  only  once. 

a  r>\  f»,- in  »f  on  th»-  .-•/</>/'•  tim  fundaments  (diphyodont ).  <,,/,'  /W/////7 

t1i>T.  one  for  the  milk-t<>>'tJi  and  a  second  for  the  permanent  teeth. 

In  f/f  case  of  Man  the  dt'>->  !,,/,,,,,•,,(  ,,/'  ••  ///  as 

the  second  mnnth  of  an  fir  </<>///<'  /if',-.  -ni  of 

older  aut  hoist  grows  from  the  epithelium  of  the  oral  cavity  both 
on  the  maxillary  and  mandibular  arches — as  it  al>o  doe<  in  other 
mammalian  embryos  (fig.  290) — into  the  richly  cellular  embryonic 
connective  tissue.  The  region  from  which  this  growth  into  tin- 
depths  takes  place  (tig.  172  A  and  /?)  is  marked  exteriorly  by  a 
\e,  which  runs  parallel  to  the  arch  of  the  jaw,  the  so-called 
dental  groove  (zf).  The  head  of  the  human  embryo  rc|>iv>» -nted  in 
figure  289  shows  this  groove  at  a  little  distance  behind  the  fun-la' 
of  the  upper  lip. 

At  first  the  dental  ridire  is  uniformly  thin  and  l 
surroundings  hv  a  smooth  surface.     There  is  nothing  to  be  seei 
yet  of  the  separate  fundaments  of  the  teeth.     Then  the  epithelial 
cells  on  the  side  of  the  rid*,'!'   which    is    directed    out  \\ards    beijin    at 
certain  places  to  grow  and  to  produce  at  regular  intervals  from  one 
another  as  many  thickening  re  to  be  teeth  (lig.  172  A). 

In  Man.  who  has  twenty  milk-teeth,  the  number  of  these  is  ten 
in  each  jaw.  The  thickenings  now  assume  a  llask-shaped  form 
(fig.  172  /?),  and  gradually  detach  themselves  from  the  outer  su: 
of  the  epithelial  ridge  (zl),  except  at  the  neck  of  the  flask,  which 
remains  in  connection  with  it  at  a  little  distance  from  its  deep  edge. 
Because  these  epithelial  growths  have  relation  to  the  secretion  of 
enamel,  they  have  received  the  name  of  e> 

In  the  meantime  the  connective  tissue  has  taken  its  first  steps 
toward  the  formation  of  the  tooth  (fig.  172  A  and B).  At  the  bottom 
of  each  tlask  the  connective-tissue  cells  exhibit  active  srrowth,  and 
give  rise  to  a  papilla  (zp)  corresponding  in  form  to  the  future  tooth. 
As  the  papillae  of  the  dermal  teeth  grow  into  the  epidei -mis.  so  this 
papilla  grows  into  the  enamel-organ,  which  is  thereby  made  to  take 
the  form  of  a  cap. 

Then  the  special  layers  from  which  the  formation  of  dentine  and 
enamel  proceed  are  differentiated  in  both  fundaments  so  far  as  these 
are  in  mutual  contact.  At  the  surface  of  the  papilla  (fig.  172  B  zj>) 
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the  cells  assume  spindle-shaped  forms  and  group  themselves  into  a 
kind  of  epithelial  layer,  the  layer  of  the  dentine-forming  cells  (mem- 
brana  eboris).  On  the  part  of  the  cap-like  enamel-organ  the  cells  of 
the  deepest  layer,  which  is  in  immediate  contact  with  the  papilla,  are 
converted  into  very  long  cylinders  and  constitute  the  enamel-mem- 
brane (sm,  membrana  adamantinse).  The  latter  becomes  gradually 
thinner  toward  the  base  of  the  papilla,  where  it  is  continued  as  a 
layer  of  more  cubical  elements  (se),  which  forms  the  boundary  at  the 
surface  of  the  cap  separating  it  from  the  surrounding  connective 
tissue.  Between  these  two  cell-layers  (the  inner  and  the  outer 
epithelium  of  KOLLIKER)  the  remaining  epithelial  cells  of  the  enamel- 
organ  undergo  a  peculiar  metamorphosis,  and  produce  a  kind  of 
gelatinous  tissue,  the  enamel-pulp  (sp) ;  they  secrete  between  them  a 


Pig.  172  A  B.— Two  stages  in  the  development  of  the  teeth  of  Mammals.    Diagrammatic  sections. 

z/,  Dental  groove  ;  zl,  dental  ridge  ;  zil,  deepest  part  of  the  dental  ridge,  on  which  are  formed 
the  fundaments  of  the  supplementary  teeth  ;  259,  dental  papilla ;  gm,  enamel-membrane : 
tp,  enamel-pulp ;  se,  outer  epithelium  of  the  enamel-organ ;  zs,  dental  sac ;  k,  bony  alveolus. 

tiuid  rich  in  mucus  and  albumen,  and  become  themselves  converted 
into  stellate  cells,  which  are  united  to  one  another  by  their  processes, 
and  thus  form  a  fine  network.  The  enamel-pulp  is  most  highly 
developed  in  the  fifth  or  sixth  month,  and  then  diminishes  up  to  the 
time  of  birth  in  the  same  ratio  as  the  teeth  increase  in  size. 

The  connective  tissue  immediately  enveloping  the  whole  fundament 
acquires  numerous  blood-vessels,  from  which  branches  also  make  tln-ir 
way  into  the  papilla ;  it  becomes  somewhat  differentiated  from  the 
surrounding  tissue,  and  is  distinguished  as  denial  sac  (lii:.  17  '2  ft  zs). 

The  soft  fundaments  of  the  teeth  enlarge  up  to  the  fifth  month  of 
embryonic  life,  and  at  the  same  time  acquire  the  particular  forms  of 
the  teeth  which  are  to  arise  from  them — those  of  the  incisors,  the 
canines,  and  molars.  Then  the  process  of  ossification  begins  (fig.  173) 
in  the  same  manner  as  in  the  dermal  teeth.  A  cap  of  dentine  (zb)  is 


311 


formed  1-y  t  he  o  lontohlasts  (o),  or  dent  inal  eel:  tpatthesamo 

time  acquires  a    coating  of   enamt-1    (.<?)    from    tin-    enamel  in.-iii' 
(KIII)  ;   tlien  there  are  continuall  -1    <>n    the    lir>i    layers  new 

.  until  the  crown  of  the  tooth  is   completed.       I 'nder  pressu 
the  latter   the  enamel-pulp   (.sy>)    atrophies,    ami    forms    only    a    thin 
OOYering  to  t'io  tooth  at   l.irtli.      The  papilla  ( :/»)  is  converted   ii. 
mass  of  connective  tissue  Containing  Uood-TOISeli (f)  and  nerves,  and 
lills   the   cavity  of 
the  tooth  as  the  so- 
called  pulp.     The 
larger    the    whole 

structure  becomes, 

the  more  it  M 
up  the  tissue  of 
the  gum,  which 
covers  the  edge  of 
the  jaw,  and 
causes  it  to  be- 
come gradually 
thinner.  Finally, 
it  breaks  through 
the  gum  si -on  aft  i  r 
birth,  and  at  the 

s.lllie       time       , 

oil'  from  its  sur- 
face the  atrophied 
it  mnant  of  the 
enamel-or-an. 


Fig.  173.— Section  through  the  fundament  of  the  tooth  of  a  young 
Dog. 

ilveoliiB  of  the  to*''  blootl-veasel  ; 

o,  odontob!.  .<•;«,  enamel  ; 

namel-membrane  ;  «,  dental  M 


The  time  has 
now  come  in  which 
the  third  hard  si  di- 
stance of  tin- tooth 
is  formed,  the  cenfutimi.  that  env«-l-»p^  the  root.  So  far  as  the 
dentine  lias  received  no  coating  of  enamel,  the  hounding  con- 
n« vti\ eii--i  10  of  the  dental  sac  i  .  after  th«-  emptioa of  the 

teeth,  to  o.-sify  and  to   pro  luce  a  gi-nuim-  'ie  with  numerous 

SITARPEY'S  fibres  ;  this  bony  s  to  the  firmer  union  of 

the  root  of  the  tooth  with  its  connective-tissue  surround  i 

The  eruption  of  tJte  teeth  ordinarily  tak«  s  place  with  a  certain  degree 
of  uniformity  in  the  second  half  of  the  lirsi  year  after  birth.  Fir>t 
the  inner  incisors  of  the  lower  jaw  !>:•.  ak  through  in  the  sixth  to  the 
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eighth  months  ;  then  in  the  course  of  a  few  weeks  those  of  the  upper 
jaw  follow.  The  outer  [lateral]  incisors  appear  during  the  period 
between  the  seventh  and  ninth  months,  those  of  the  lower  jaw,  again, 
somewhat  earlier  than  those  of  the  upper  jaw.  The  front  molars 
usually  appear  at  the  beginning  of  the  second  year,  those  of  the  lower 
jaw  first ;  then  the  gap  thus  left  in  the  two  rows  of  teeth  is  filled  by 
the  eruption  of  the  canine  or  eye-teeth  in  the  middle  of  the  second 

year.  Finally,  the  eruption  of  the 
back  molars,  which  may  be  delayed 
into  the  third  year,  takes  place. 

The  fundaments  of  the  reserve  teeth 
make  their  appearance  at  the  side  of 
those  of  the  milk-teeth  at  an  extra- 
ordinarily early  period.  They  also 
take  their  origin  from  the  epithelial 
ridge.  As  was  previously  (fig.  172 
A  and  B)  stated,  the  ridge  extends 
still  deeper  (zP)  into  the  underlying 
tissue  from  the  place  where  the 
enamel-organs  of  the  milk-teeth 
have  been  differentiated  from  it 
and  where  they  remain  united  to 
it  by  means  of  an  epithelial  cord, 
the  neck.  Here  in  a  short  time 
there  again  appear  near  the  edge  of 
the  ridge  (fig.  174  «w8,  zp*)  flask- 
shaped  epithelial  growths  and  dental 
papillae,  which  lie  on  the  inner 
[median]  side  of  the  dental  sacs  of 
the  milk-teeth.  In  addition  there 
are  developed  at  the  ends  of  the 

epithelial  ridges,  in  both  the  right  and  left  halves  of  the  jaw,  the 
enamel-organs  of  the  posterior  grinders  (the  molar  teeth  of  the 
permanent  set),  which  are  not  subject  to  replacement,  but  are 
formed  once  for  all.  The  ossification  of  the  second  generation  of 
teeth  begins  a  little  time  before  birth  with  the  first  large  molars, 
and  is  followed  in  the  first  and  second  years  after  birth  by  that  of 
the  incisors,  canines,  etc.  As  a  result  in  the  sixth  year  there  are  in 
both  jaws  forty-eight  ossified  teeth, — twenty  milk-teeth  and  twenty- 
eight  permanent  crowns, — as  well  as  four  fundaments  of  wisdom 
teeth,  which  are  still  cellular. 


fig.  174  Diagrammatic  section  to  show 
the  development  of  the  milk-teeth  and 
permanent  teeth  in  Mammals.  Third 
stage  in  the  series  of  which  figs.  172 
A  and  B  are  the  first  and  second. 

~f.  Dental  farrow ;  zl,  dental  ridge ;  k, 
bony  alveolus  of  the  tooth  ;  h,  neck, 
by  means  of  which  the  enamel-organ 
of  the  milk-tooth  is  connected  with  the 
dental  ridge,  zl ;  tp,  dental  papilla ; 
«p',  dental  papilla  of  the  permanent 
tooth  ;  zb,  dentine  ;  s,  enamel ;  am, 
enamel-membrane ;  s,u*,  enamel-mem- 
brane of  the  permanent  tooth ;  sp, 
enamel-pulp;  se,  outer  epithelium  of 
the  enamel -organ  ;  »,  dental  sac. 
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The  sfidt'/iiii/  a/  (/!••  f"-f/i  onlinariU  t  the  sevei  li 

is  initiated  by  tin-  (li->oi-ur:ini-:it  ion  ami  absorption  of  the   roots  of  the 
inilk-terth,  under  tl  ire  of  tli.-  Lrrowini:  new  genor.it  i-.n.     One 

limls  lit  -re  rxactly  tin-  same  appearances  as  in  the  atrophy  of  osseous 
ti->ue,  concernim:  which  we  have  the  thorough  investigation 
KOLLIKER.  There  arise  on  the  roots  of  the  teeth  the  well  kno\\n 
pits  of  Ilowsim-,  in  which  hr<:e.  mult  inucloar  cells,  the  oateoclasts  or 
bone-destroy  era,  are  imbedded.  The  crowns  are  loo>ened  by  surren- 
derini:  their  union  with  the  deeper  connective-tissue  layer-.  l-'inally, 
when  the  permanent  teeth,  owinir  to  the  growth  of  their  roots,  push 
forth  out  of  the  alveoli,  the  crowns  of  the  milk-teeth  are  thereby 
rai>ed  up  and  fall  off. 

The  permanent  teeth  generally  <t/>/»'>ir  in  the  /vlltnriny  order  : 
first,  in  the  seventh  year,  the  first  [front]  molars  ;  a  year  later  the 
middle  incisors  of  the  lower  jaw,  which  are  followed  a  little  later  by 
those  of  the  upper  jaw;  in  the  ninth  year  the  lateral  incisors  are 
cut,  in  the  tenth  year  the  first  premolars,  in  the  eleventh  year  the 
second  premolars.  Then  in  the  twelfth  and  thirteenth  years  the 
canines  and  the  second  molars  come  through.  The  eruption  of  the 
third  molars,  or  wisdom  teeth,  is  subject  to  great  variation  :  it  may 
take  place  in  the  seventeenth  year,  but  it  may  be  delayed  till  the 
thirtieth.  Occasionally  the  wisdom  teeth  never  attain  a  complete 
development,  so  that  they  are  never  cut. 


B.  The  Organs  arising  from  the  Pharynx  :  Thymus,  Thyroid  Gland, 
Larynx,  and  Lv 

Whereas  in  the  water-breathing  Vertebrates  the  visceral  c! 
remain  throughout  life  and  subserve  respiration,  they  are  completely 
1  in  all  Amniota  as  well  as  in  a  part  of  the  Amphibia.  The 
only  exception  is  in  the  case  of  the  first  cleft,  lying  between  the  man- 
dibular  and  the  hyoid  arches,  which  is  con  verted  into  the  drum  of  the 
ear  (tympanum)  and  the  EUSTACHIAN  tube,  and  thus  enters  into  the 
>ervice  of  the  organ  of  hearini:,  in  connection  with  which  it  will 
Mil>M>4iie:itly  engage  our  attention. 

However,  the  remaining  vixvi.il  defts  do  not  disappear  without 
having  any  trace.  From  certain  epithelial  tracts  of  these  there 
arises  an  oriran  of  the  neck-region  which  functionally  is  still  proble- 
matic, the  thymus.  the  morphology  of  which  has  been  very  essentiallv 
advanced  during  the  last  few  yen 
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(1)  The  Thymus 

has  been  for  several  years  a  favorite  object  of  embryological  investiga- 
tion, since  the  time  when  KOLLIKER 
made  the  interesting  discovery  that 
in  mammalian  embryos  it  takes 
its  origin  from  the  epithelium  of  a 
visceral  cleft.  This  discovery  has 
since  then  been  corroborated,  and 
at  the  same  time  extended ;  for  also 
in  such  animals  as  persistently 
breathe  by  means  of  gills  the 
thymus  is  developed  out  of  epi- 
thelial tracts  of  the  open  and  func- 
tionally active  gill-clefts. 

Let  us  first  examine  the  original 
condition  as  exhibited  by  Fishes. 
As  stated  by  DOHRN,  MAURER,  and 
DE  MEURON,  the  thymus  (th)  of  the 
Selachians  (fig.  175)  and  the  Bony 
Fishes  has  a  multiple  origin  and  is 
derived  from  separate  solid  epithelial 
growths,  which  take  place  at  the 
dorsal  ends  of  all  the  gill-clefts,  and, 

indeed,  to  a  greater  extent  on  the  anterior  than  on  the  posterior  ones. 


Fig.  175. — Diagram  to  show  the  develop- 
ment of  the  thymus,  the  thyroid 
gland,  and  the  accessory  thyroid 
glands,  and  their  relations  to  the 
visceral  pockets  in  a  Shark  embryo, 
after  DE  MEURON. 

tch1,  scli,*,  First  and  sixth  visceral  pockets ; 
th,  fundaments  of  the  thymus ;  sd, 
hyroid  gland  ;  nsd,  accessory  thyroid 
gland. 


Fig.  176.— Two  diagrams  [ventral  aspect]  of  the  development  of  the  thymus,  the  thyroid  gland 
and  the  accessory  thyroid  glands,  and  their  relations  to  the  visceral  pockets  in  a  Lizard 
embryo  (A)  and  a  Chick  embryo  (B),  after  DE  M HURON. 

•ch\  tch',  First  and  second  visceral  pockets  ;  jrf,  thyroid  gland ;  nsd,  accessory  thyroid  gland  ; 
th,  fundament  of  thymus. 

In  the  Bony  Fishes  the  separate  fundaments  at  an  early  period,  even 
before  they  have  detached  themselves  from  their  matrix,  fuse  together 
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in;.)  a   spindle-flhaped   organ   ! 

a  hove  tin-  in>ertion  of  t  lie  gill  ai  < 
which  subsequently  becomes  inde- 
pendent, just  as  it  dor>in  Selachians. 
The  originally  epithelial  product  ac- 
quires a  peculiar  hi.Mologieal  char- 
acter from  being  penetrated  by 
ingrowths  of  connective  tissue  ele- 
ments. In  the  first  place  Ivmnh- 
cells  in  great  quantities  migrate  in 
between  the  epithelial  cells,  in  a 
manner  >imilar  to  that  described  by 
STOIIK  as  of  frequent  occurrence  in 
the  territory  of  mucous  membranes. 
Secondly,  the  epithelial  growth  is 
ira\er-ed  in  all  directions  and  cut 
up  into  small  port  ions  by  connective 
tissue,  in  which  lymph-follicles  are 
formed.  The  thymus  thereby  ac- 
quires the  appearance  of  a  lymplioid 
organ,  in  which  the  epithelial  rem- 
nants are  still  in  par;  preserved, 
but  only  in  the  form  of  very  small 
spherical  portions,  as  the  cci-pn 
of  II  ASSALL.  At  a  still  later  stage 
of  development  there  arise  in  the 
organ  irregular  cavities  tilled  with 
molecular  granules.  These  are 
d  by  the  disintegration  of 
lymph-colls  and  tin?  melting  d  .wn 
of  the  reticular  connective  tissue, 
which  takes  place  here  and  tl 

In  the  higher,  nir-bivat hing  Ver- 
tehrates  the  thymus  i-  derived  either 
from  the  epithelium  of  two  or  three 
clefts  or  only  from  the  epithelium 
of  the  third  visceral  clett,  which 
Uvomes  closed.  The  former  is  tin- 
case  with  Reptiles  (tig.  170  A  t/i) 
and  Ulnls  (jig.  17b  />  tl,}.  the  latter 
with  Mammals.  In  Reptiles  and 


Fig.  177.— Semi  diagrammatic  illustra- 
tions to  show  the  ultimate  position  of 
thymus,  thyroid  gland,  and  accessory 
thyroid  gland  on  the  neck  of  the 
Lizard  (.4),  the  Chick  (B),  and  the 
Calf  (O,  after  DE  MEUEON. 

s-t,  Thyroid  gland  ;  ntd,  accessory  thyroid 
i;    th,    thjmus;    (A1,     accessory 
tliy::.  .    heart  ;   vj 

vena  jugularis;  ca,  carotid  v 
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Birds  the  two  fundaments  fuse  early  upon  either  side  of  the  trachea 
into  a  longish  tract  of  tissue,  which  in  the  former  is  shorter 
(fig.  177  A)j  but  in  the  latter  very  much  elongated  (fig.  177  B). 

In  Mammals  it  is  principally  the  third  visceral  cleft  which  con- 
tributes to  the  formation  of  the  thymus.     According  to  KOLLIKER, 
BORN,  and  RABL  this  is  the  only  one  which  comes  into  considera- 
tion, whereas  DE  MEURON,  KASTSCHENKO,  and 
His  give  an  account  which  differs  from  this, 
but  only  in  minor  details. 

The  further  changes  of  the  fundament  of  the 
thymus  in  Mammals  and  in  Man  may  be  briefly 
summarised  as  follows.  The  thymus-sac,  which 
probably  takes  its  origin  from  the  third  visceral 
pocket,  encloses  only  a  very  narrow  cavity,  but 
possesses  a  thick  wall  composed  of  many  elon- 
gated epithelial  cells  (fig.  178).  It  then  grows 
downward  toward  the  pericardium,  and  at  the 
posterior  end  begins  to  form,  like  a  botryoidal 
gland,  numerous  rounded  lateral  branches  (c). 
(KOLLIKER.)  These  are  from  the  beginning  of 
their  formation  solid,  whereas  the  sac-like  part 
(a),  which  occupies  the  neck-region,  always 
continues  to  exhibit  a  narrow  cavity. 

The  budding  continues  for  a  long  time,  and 
meanwhile  extends  to  the  opposite  end  of  the 
originally  simple  glandular  sac,  until  the  whole 
organ  has  assumed  the  lobed  structure  pecul  un- 
to it.  At  the  same  time  an  histological  meta- 
morphosis is  also  taking  place.  Lymphoid 
connective  tissue  and  blood-vessels  grow  into 
the  thick  epithelial  walls  and  gradually  destroy 
the  appearance  which  so  resembles  a  botryoidal 
gland.  With  the  increase  in  the  size  of  the 
organ  the  lymphoid  elements  coming  from  the 
surrounding  tissue  predominate  more  and  more ;  the  epithelial  rem- 
nants are  finally  to  bo  found  only  in  the  concentric  bodies  of  HASSALL, 
as  MAURER  has  shown  for  Bony  Fishes  and  as  His  has  undoubtedly 
rightly  inferred  for  Man  and  Mammals.  The  cavity  originally  present 
and  resulting  from  the  invagination  disappears,  and  instead  of  it 
there  arise  new  irregular  cavities,  probably  the  result  of  a  breaking 
•down  of  the  tissue^ 


Tig.  178.— Thymus  of  an 
embryo  Rabbit  of  16 
days,  after  KO'LLIKER. 
Magnified. 

«,  Canal  of  the  thymua  ; 
6,  upper,  c,  lower  end 
of  the  organ. 
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The  fin-tin  /•  /</</,,/•_//  <>f  the.  thiiinus  in  M  ''<•>.  recognition 

ntds,  one  of  progressive  and  one  of  regressive  development. 

The  lirst  period  extends  into  the  second  year  after  birth.  The 
tliymus  of  the  right  side  and  that  of  the  left  move  in  their  growth 
do>e  together  into  the  median  f»lane  and  here  t'u-e  into  an  unpaired, 
lohed  orpin.  whoso  double  origin  is  to  be  recognised  only  by  the  fact 
that  tin-  uriMn  i>  ordinarily  composed  of  lateral  ha  1  by 

connective  ti.—  ue.  It  lies  in  front  of  [ventral  to]  the  pericardium  and 
the  la  me  blood-vessels  beneath  the  breastbone,  and  is  often  elongated 
into  two  hurn.N  wliich  extend  upwards  to  the  thyroid  gland. 

The  second  period  exhibits  the  organ  undergoing  regressive  meta- 
morpho>is,  wliich  usually  leads  to  its  total  disappearance,  the  par- 
ticulars of  which  can  be  learned  from  the  text-books  of  Histology. 

(2)  The  Thyroid  Gland 

is  found  on  the  anterior  surface  of  the  neck,  and  appears  to  be 
developed  in  almost  all  classes  of  Vertebrates  in  a  tolerably  uniform, 
typical  manner  from  an  unpaired  and  a  paired  evagination  of  the 
pbaryngeal  epithelium.  We  must  therefore  distinguish  unpaired  and 
paired  fundaments  of  the  thyroid  gland. 

The  unpaired  fundament  has  been  longest  known.  There  is  not 
a  sinirle  class  of  Vertebrates  in  which  it  is  wanting,  as  has  been 
established  especially  by  the  investigations  of  W.  M  i  LLER.  It 
appears  to  bo  an  organ  of  very  ancient  origin,  which  shows  relation- 
ship to  the  hypobranchial  furrow  of  Amphioxus  and  the  Tunica 

DOHRN  has  opposed  this  hypothesis  and  has  expressed  the  view,  which  is  also 
.-hared  by  others,  but  which  lacks  proof,  that  the  thyroid  gland  is  the  remnant 
of  a  lost  gill-cleft  of  the  Vertebrates. 

The  unpaired  thyroid  ^land  arises  as  a  small  evaluation  of  the 
epithelium  of  the  front  wall  of  the  throat  in  the  median  plane  and 
in  the  vicinity  of  the  second  visceral  arch.  Then  it  detaches  itself 
completely  from  its  place  of  origin,  and  is  converted  either  into  a 
solid  spheroidal  body  (Selachians,  Teleo>N,  Amphibia,  etc.)  or  into  an 
epithelial  vesicle  having  a  small  cavity  (Birds,  Mammals,  Man,  etc.). 
The  vehicle  subsequently  loses  its  cavity. 

In  Man  the  development  of  the  unpaired  part  of  the  thyroid  gland  is  relau-d 
to  the  formation  of  the  root  of  the  tongue,  a-  11  is  stairs  in  1.  ations 

of  human  embryos.  The  previously  described  ridirrs  lyinj:  on  the  floor  of  the 
threat  -cavity  in  the  vicinity  of  the  second  and  third  visceral  arches,  which  unite 
in  the  median  plane  to  form  the  root  of  the  tongue,  surround  a  deep  depre.- 
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which  is  the  equivalent  of  the  evagination  of  the  pharyngeal  epithelium  in  the 
remaining  Vertebrates.  By  the  further  approximation  of  the  ridges  the  depres- 
sion becomes  an  epithelial  sac,  which  remains  for  a  long  time  in  communication 
with  the  surface  of  the  tongue  by  means  of  a  narrow  passage,  the  ductus 
thyreoglossus. 

The  paired  fundaments  of  the  thyroid  gland  were  discovered  a  few 
years  ago  by  STIEDA  in  mammalian  embryos,  but  they  have  been 
more  fully  investigated  by  BORN,  His,  KASTSCHENKO,  DE  MEURON, 
and  others  in  Mammals  and  other  Vertebrates  (excepting  Cyclo- 
stomes).  In  the  Amphibia,  as  well  as  in  Birds  and  Mammals 
(fig.  176  J3),  there  are  formed,  a  little  while  after  the  appearance  of 
the  unpaired  fundament,  two  hollow  evaginations  of  the  ventral 
epithelium  of  the  throat  behind  the  last  visceral  arch  and  in  con- 
nection with  the  last  visceral  cleft.  They  come  to  lie  immediately  on 
either  side  of  the  entrance  to  the  larynx.  In  many  Reptiles  (fig.  176 
A  nsd)  there  is  an  interesting  deviation  due  to  the  fact  that  an 
evagination  is  developed  only  on  the  left  side  of  the  body,  while  on 
the  right  it  has  become  rudimentary.  Even  in  the  Selachians 
(fig.  175),  as  DE  MEURON  appears  rightly  to  maintain,  paired 
fundaments  of  thyroid  glands  are  present.  They  are  the  previously 
mentioned  supra-jiericardial  bodies  discovered  by  v.  BEMMELEN.  These 
arise  as  evaginations  of  the  epithelium  of  the  throat  behind  the  last 
pair  of  gill-clefts  near  the  anterior  end  of  the  heart.  In  all  cases 
the  evaginated  portions  of  the  epithelium  become  detached  from 
their  parent  tissue  and  enclosed  on  all  sides  by  connective  tissue ; 
they  then  undergo  a  metamorphosis  similar  to  that  of  the  unpaired 
fundament  of  the  thyroid  gland. 

In  regard  to  their  ultimate  position  there  exist  considerable 
differences  between  the  separate  classes  of  Vertebrates.  In  the 
Selachians  the  supra-pericardial  bodies  remain  far  away  from  the 
unpaired  thyroid  gland,  being  located  in  the  vicinity  of  the  heart ; 
but  in  the  other  Vertebrates  they  move  more  or  less  close  to  the 
gland,  and  have  here  acquired  the  name  of  accessory  thyroid  glands 
(fig.  177  A  and  B  nsd).  Finally,  in  Mammals  and  Man  the  approxi- 
mation has  led  to  a  complete  fusion  of  the  unpaired  and  the  lateral, 
paired  fundaments  (fig.  177  C).  Together  they  constitute  a  horse- 
shoe-shaped body  that  embraces  the  larynx.  It  is,  however,  to  be 
observed,  that  at  the  time  of  their  fusion  the  lateral  fundaments, 
in  comparison  with  the  median  one,  are  only  very  small  nodules. 
Consequently  KASTSCHENKO,  who  is  probably  in  the  right,  ascribes  to 
the  former  an  inconsiderable  importance  for  the  development  of  the 
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whole  ma.-.s  of  the  thyroid  gland,  whereat   His  n.aintains  that  they 

become  in  Man  the  voluminous   lateral    loho,  and  that  the  unpaired 
fundaim  lit    hrcoiii!  >  the  small   middle  part   of  t  1. 

The  further  development  of  the  thyroid  inland  is  accomplished 
in  a  vei  v  similar  manner  in  all  Vertebrates.  Two  stages  are 

distinguishable. 

During  th"  first  Map-  the  whole  fundament  grows  out  into 
numerous  cylindrical  cords,  which  in  turn  push  out  lateral  buds 
(tig.  17'.').  r»y  the  union  of  these  \\ith  one  another  then-  is  formed  a 
network,  into  the  interstices  of  which  are  distributed  branches  of  the 
blood-vessels 
together  with 
embryonic  con- 
nective tissue. 
In  the  case  of 
the  Chick  it  is 
found  that  the 
thyroid  gland 
has  reached 
this  stage  of  de- 
velopment on 
the  ninth  day 
of  incubation, 
in  the  Babbit 
embryo  when 
it  is  about  .six- 
teen days  old, 
in  Man  in  the 
second  month. 

During  the  second  .stage  the  network  of  epithelial  cords  is  resolved 
into  the  characteristic  follicles  of  the  thyroid  gland.  The  cords 
acquire  a  narrow  lumen,  around  which  the  cylindrical  cells  are 
regularly  arranged.  Then  there  are  formed  on  the  cords  at  short 
intervals  enlargements,  wliii-h  are  separated  by  slight  con>tric- 
tions  oig.  180).  By  the  deepening  of  the  constrictions  the 
whole  network  is  linally  subdivided  into  numerous,  small,  hollow 
»  pithelial  vesicles  or  follicles,  which  are  separated  from  one  another 

*  [The  elevation  caused  by  the  mid-brain  may  l><-  apex  or  crown 

(_Selu'itrl).     In  later  stages  the  distance  between  cn.wn  and  rump  is  ir: 
than  that  between  neck  and  rump,  hence  the  measurement  is  made  from  the 
crown.    Compare  foot-note,  p.  - 


Fig.  179.— Right  half  of  the  thyroid  gland  of  an  embryo  Pig  21  5  mm. 

long,    crown-rump    measurement,*  i    SO 

di.tiiieters. 
The  lateral  (££)  and  median  (1C S)  thyroid  glands  are  in  process  of 

fusion,     g,  Blood-vessels;  tr,  trachea. 
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by  highly  vascular  embryonic  tissue.  Subsequently  the  follicles 
increase  in  size,  especially  in  the  case  of  Man  ;  this  results  from  the 
epithelial  cells  secreting  a  considerable  quantity  of  colloid  substance 
into  the  cavity. 

A  few  further  details  concerning  the  thyroid  gland  of  Man,  for  which  we  are 
indebted  to  His,  may  be  of  interest.  First,  it  is  to  be  noted  that  the  lateral 
fundaments  are  considerably  more  voluminous  than  the  middle  part,  and  that 
the  future  fundamental  form  of  the  organ  is  thus  from  the  beginning  pre- 
determined. Secondly,  some  rare  anatomical  conditions  (His)  are  explained 
by  the  development,  such  as  the  ductus  lingualis,  the  ductus  thyroideus,  and 
the  glandula  suprahyoidea  and  praehyoidea.  As  was  previously  stated,  the 
unpaired  fundament  of  the  thyroid  gland  is  connected  with  the  root  of  the 
tongue  by  means  of  the  ductus  thyreoglossus.  When  the  thyroid  gland  moves 

from  its  place  of  origin  farther 
down,  this  duct  becomes  elon- 
gated into  a  narrow  epithelial 
passage,  whose  external  orifice 
remains  permanently  visible  as 
the  foramen  ccecum  at  the  base 
of  the  tongue.  The  remaining 
part  usually  undergoes  degene- 
ration, but  occasionally  some 
parts  of  it  also  persist.  Thus 
the  foramen  ccecum  is  some- 
times elongated  into  a  canal 
(ductus  lingualis)  2.J  cm.  long, 
that  leads  to  the  body  of  the 


Fig.  180.  -Section  through  the  thyroid  gland  of  an 
embryo  Sheep  6  cm.  long,  after  W.  MILLER. 

sch,  Sac-like  fundaments  of  the  gland  ;  /,  glandular 
follicles  in  process  of  formation ;  6,  interstitial 
connective  tissue  with  blood-vessels  (g). 


hyoid  bone.  In  other  instances 
the  middle  part  of  the  thyroid 
gland  is  prolonged  upward  in 
the  form  of  a  horn,  which  is 
continued  as  a  tube  (ductus 

thyroideus)  to  the  hyoid  bone.  Finally,  according  to  His,  the  glandular  vesicles 
now  and  then  to  be  observed  in  the  vicinity  of  the  hyoid  bone— the  accessory 
thyroid  glands,  as  well  as  the  glandula  supra-  and  prae-hyoidea— are  to  be 
interpreted  as  remnante  of  the  ductus  thyreoglossus. 


(3)  Lung  and  Larynx. 

The  lung  with  its  outlet  (larynx  and  trachea)  is  developed,  like 
a  lobed  gland,  out  of  the  oasophagus  in  a  tolerably  uniform  manner, 
as  it  appears,  for  all  amniotic  Vertebrates.  Immediately  behind  the 
unpaired  fundament  of  the  thyroid  gland  (fig.  181  Sd)  there  arises  on 
the  ventral  side  of  the  oesophagus  a  groove  (A'£),  which  is  slightly 
enlarged  at  its  proximal  end.  It  is  to  be  seen  in  the  Chick  at  the 
beginning  of  the  third  day,  in  the  Rabbit  on  the  tenth  day  after 
fertilisation,  and  in  the  human  embryo  when  it  is  3*2  mm.  long. 
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^<   hk.-  •  purated  from  the  over- 

lying  portion   of  the  alimentary  tube   by   t\\  n«Lv>  ;    tliis 

furnisho  the  lir.M   indication  of   a  dillerentiat  i<>n  into   u'Mjphagu- 
trachea  (lig.  1M  ).     Then  there  -i..\v  nut  from  the  enlarged  post- 
eads  of  the  groove  (figs,  1*1.  L63)two  mudl  MLCS  (Z?)  toward  the  two 
M  les  of  the  body  (in  the  Chick  in  the  ini<l«llu  <>t'  tin-  third  div),  the 

fiiinlanu'iits  <>t'  the  ri^'lit 
andlt-t't  huii:.  Mn\  eloped 
in  a  thick  layer  of  em- 
hrvonic  connective 
tissue,  they  are  in  im- 
mediate contact  behind 
with  the  fundament  of 
the  heart  ;  laterally  they 
project  into  the  anterior 
ti  SMI  re-like  prolongation 
(f  the  body -cavity. 
With  this  the  essential 
parts  «if  the  re- juratory 
apparatus  are  e>tal>- 
li>l.ed;  at  this  sia-v 
in  amnintie  Vertebrates 
they  resemble  the  simple 
>ac  like  st  met  ure>  which 
the  lungs  of  Amphibia 
present  permanently. 

In  the  further  course 
of  development  the  fun- 
daments of  trachea  and 
oesophagus,  which  com- 
municate by  means  of  a 
Insure,  become  separated 
by  a  constriction  which 
begins  In-hind,  where  the 

pulmonary  sacs  have  budded  OU<  dually  m- 

constricting  oil  is  heiv  interrupt»-d  at  the  place  which  becomes  the 
entrance  to  the  larynx.  The  latter  i>  di>;in.i:ui>liabl.'  in  the  case  of 
Man  at  the  end  of  t  he  tilth  week  as  an  «:  ut  at  the  In^ii. 

of  the  fundament  of  the  trachea.     It  acquires  its  cartilages  ii, 
eighth  or  ninth  w<-;-k.     of  th.-.M-thi-  thyroid  cartilage  arises,  according 
t«i  the oomparati ve-anatomical  v  .  tiom  a  fusion 

21 


Fig.  181.—  Alimentary  tube  of  a  human  embryo  (A  . 

5mm.  long,  neck  meacuremen-  .  "  Meusch- 

li.h.-  Kin>>ryon«n."    Mn^  .netcrs. 

^land  ; 

C/i,   chui.i  |    to  the    la; 

l>ancr«as;  Lby,  i«r 
kof  theinti 
All,   allai. 

it  of  it ;  1),  bnna  ]- 
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of  the  fourth  and  fifth  visceral  arches,  whereas  the  cricoid  and  ary 
tenoid  cartilages,   as   well   as   the    half -rings    of    the   trachea,  are 
independent  chondrifications  in  the  mucous  membrane. 

Two  stages  are  recognisable  in  the  metamorphosis  of  the  primitive 
lung-sacs  of  Man  and  Mammals. 

The  first  stage  begins  with  the  elongation  of  the  sac,  which  is 
attenuated  at  its  origin  from  the  trachea,  but  is  enlarged  at  its 
opposite  or  free  end.  At  the  same  time — in  Man  from  the  end  of 
the  first  month  (His)— it  pushes  out,  in  the  manner  of  an  alveolar 
gland,  hollow  evaginations,  which  grow  out  into  the  thick  connective- 
tissue  envelope  and  enlarge  at  their  ends  into  little  sacs.  The  first 
bud-like  outgrowths  on  the  two  sides  of  the  body  are  not  symmetrical 
(fig.  182),  because  the  left  lung-sac  jrroduces  two,  the  right  three  bud-like 

enlargements.  An  im- 
portant  feature  of  the 
architecture  of  the  lungs 
is  thus  established  from 
the  beginning,  namely, 
the  differentiation  of  the 
right  lung  into  three 
chief  lobes,  and  of  the 
left  into  two. 

The  further  budding 
is  distinctly  dichotomous 
(fig.  183).  Ittakesplace 
in  the  following  way  : 
each  terminal  vesicle 

(primitive  lung-vesicle),  which  is  at  first  spheroidal,  becomes  flattened 
and  indented  on  the  wall  (Ib)  which  lies  opposite  its  attachment. 
Thus  it  becomes  divided,  as  it  were,  into  two  new  pulmonary  vesicles, 
each  of  which  is  then  differentiated  into  a  long  stalk  (lateral  bronchus) 
and  a  spherical  enlargement.  Inasmuch  as  such  a  process  of  budding 
is  kept  up  for  a  long  time, — in  Man  until  the  sixth  month, — there  an-«  •> 
a  complicated  system  of  canals,  the  bronchial  tree,  which  opens  into 
the  trachea  by  means  of  a  single  main  bronchial  tube  from  either 
side  of  the  body,  and  the  ultimate  branches  of  which,  becoming  linn- 
and  finer,  terminate  in  flask-shaped  enlargements,  the  primitive 
lung-vesicles.  The  latter  are  at  first  confined  to  the  surface  of  the 
lung,  while  the  system  of  canals  occupies  its  interior. 

During  this  budding  the  lungs  as  they  increase  in  volume 
continue  to  grow  downwards  into  the  thoracic  cavities,  and  thereby 
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Pig.  182. — View  of  a  reconstruction  of  the  fundament  of 
the  lungs  of  a  human  embryo  (7V  of  His)  10  mm.  long, 
neck  measurement,  after  H  s. 

Ir,  Trachea ;  br,  right  bronchus ;  sp,  oesophagus ;  If,  con- 
nective-tissue envelope  and  serous  membrane  (pleura) 
into  which  the  epithelial  fundament  of  the  lung  grows ; 
0,  M,  U,  fundaments  of  the  upper,  middle,  and  lower 
lobes  of  the  right  lung ;  01,  Ul,  fundaments  of  the 
upper  and  lower  lobes  of  the  left  lung. 
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e  to  lie  more  and  more  a-  i  be  righl  and  l.-ft  of  tin-  In-art.     With 

tin-it-  ingrowth  into  tin-  eaviti.->  of  th.-  dn->t   (li-r.  :\\\  /,,•/,),  tl;,-v  pu-h 

before  them  the  BerOUa    lining   of   the   latter,  and    thu 

I'leural  OOWring    tin-  pleura  pulmon.-ilk  or  th--  vi-ceral    layer   ol 

plell! 

During  the  secowl  ttag*  th.-  organ,  \\hid.  up  to  thi-  tim.-  has  the 
typical    Mructure   of    a    hot ryoidal    ;r land,  assumes  tin-  dial-art.-! 
pulmonary     >tnu-tnri'.        Tin-     iin-taiin>r|»ln»sis     begins     in    Man,    as 
Koi.i.iKKi;   states,  iii  tin-  >ixth  month,  and  comes  to  a  close  in  the 
last  month  of  pregnancy.     There  now  arise  close  tot'  .   tin- 

!in<-    tt-rminal    tu- 

hnlcs  of  tin-  bron-        Ap 4-j 

fhial  tree,  on  the 
alveolar  pass.! 
and  on  their  ter- 
minal veMc-ular 
cnlargem  ents, 
very  numerous 
Miiall  e  vagi  na- 
tions. But  in  di>- 
tinction  from  the 
railier  ones,  the-e 
are  not  ron>t  ricted 
off  from  their 
source  of  origin, 
but  c'oiiiiiiunirate 
with  the  latter 
by  means  of  wide 
oritic-es,  and  thus 
constituto  tin-  <iir-celh  or  ]>nlnt<>it>ti'</  <tlff<>/i.  Their  :dy  a 

third  or  fourth  as  ^reat  in  the  embryo  as  in   the  adult;  from   this 
KOLLIKER  concludes  that  the   inciva>e  in    the  volume  of  the  lun^ 
from  birth  up  to  i-ompletf  development  of  the  botly  is  to  be  attributed 
exch'.Mvely  to  the   enlar-'.  iii'-nt  of  the  ve-icular  elemeni>  which  • 
in  the  embryo. 

Tin-  •  I'itli-  !'i>il  ///////;/ of   tin-  lun_ir   i-  \  arioii>ly  iin»dilie«l    in  dill.  : 

us    during    development.        In     the     whole    bronchial    tree    the 
epithelial   cells   increa-e   in    l..-iurht.  ai'-juire  in    part   a   cylindrical,  in 
part  a  cubical  form,  and  from  the  fourth  month  onward  <  KOI.I.IKEK) 
have  their  free-  surfaces  OOVere  I   with  cilia.      In  the  air-sacs,  on   th- 
contrary,  the  cells,   which  are  arranged  in   a   >ini:le    layer,   become 


Fig.  183.— View  of  a  reconstruction  of  the  fundament  of  the  lungs 
of  a  human  embryo  (.V  ,.f   ([     >  older  than  that  of  fig.   182. 

His.     Magiiitii'<l  ;>o  iiiaintiten. 
Ap,  Artc-ri;i  jmlnni:..; 

vesicle  in  process  '   luir^ 

with  an  <-i>arterial  bronchus  leading  ile  and 

lower  lobes  of  the  right  lung  ;  '•«.•  of  the  l»-ft  hiir^ 

with  hyp:uti'ii;il  ln-oiu-lnu  leading  to  it ;  U1,  lower  lobe  of  the 
ing. 
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more  and  more  flattened,  and  in  the  adult  become  so  thin  that 
formerly  the  presence  of  an  epithelial  covering  was  wholly  denied. 
Then  they  assume  a  condition  similar  to  that  of  endothelial  cells ; 
as  in  the  case  of  the  latter,  their  boundaries  are  demonstrable  only 
after  treatment  with  a  weak  solution  of  silver  nitrate. 


C.  The  Glands  of  the  Small  Intestine :  Liver  and  Pancreas. 
(1)  The  Liver. 

In  the  section  which  treats  of  the  liver  we  must  enter  upon  a  dis- 
cussion not  only  of  the  development  of  the  parenchyma  of  the  gland, 
but  also  of  the  various  hepatic  ligaments — the 
lesser  omentum,  the  ligamentum  suspensorium, 
etc. ;  in  fact,  we  must  begin  with  the  latter 
because  they  are  developed  out  of  a  structure — 
a  ventral  mesentery — which  is  ontogenetically 
older  than  the  liver  itself.  In  view  of  the 
manner  in  which  the  body-cavity  arises,  as  a 
pair  of  cavities,  such  a  structure  ought  to  be 
found  along  the  whole  length  of  the  ventral 
side  of  the  alimentary  canal  in  the  s  :me  manner 
as  on  its  dorsal  side.  Instead  of  that,  it  is  found 
only  at  the  anterior  region  of  the  alimentary 
canal,  along  a  tract  which  extends  from  the 
throat  to  the  end  of  the  duodenum. 

This    ventral    mesentery   acquires   a   special 
significance,  because  several  important  organs 
take   their  origin  in  it ;   in  front,  the  heart, 
together  with  the  vessels  that  bring  the  blood 
back   to   it — the  terminal   parts  of   the   venae 
omphalomesentericae  and  of   the  vena  umbili- 
is;  immediately  behind  the  latter,  the  liver  with  its  outlet  and 
its  blood-vessels. 

The  part  which,  during  an  early  stage  of  development,  encloses  the 
heart  is  called  mesocardium  anterius  and  postering  ;  we  shall  return 
to  it  later  in  considering  the  development  of  that  organ.  The 
portion  (fig.  184)  which  joins  this  behind  [caudad]  has  been  hitherto 
less  regarded  by  embryologists.  Since  it  stretches  from  the  lesser 
curvature  of  the  stomach  and  the  duodenum  (du)  to  the  anterior 
[ventral]  wall  of  the  trunk,  it  may  be  especially  designated  as  the 
ventral  gastric  and  duodenal  mesentery,  or,  under  a  more  compre- 


fig.  184.— Diagram  (view 
of  a  cross  section)  to 
show  the  original  re- 
lations of  duodenum, 
pancreas,  and  liver, 
and  of  the  ligamentous 
structures  belonging  to 
them. 

II K,  Posterior  wall  of  the 
trunk ;  du,  duodenum  ; 
p,  pancreas  ;  lt  liver  ; 
dms,  dorsal  mesentery  ; 
Ihd,  ligamentum  hepa- 
to  duodenale  ;  It,  liga- 
mentum suspeusorium 
hepatia. 
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Fig.  185. -Cross  section  through  the  anterior  part  of  the  trunk  of  an  embryo  of  Scyllium,  aft* 
BALFOUR. 

Between  the  dorsal  and  ventral  walls  of  the  body,  where  the  attachment  of  the  »talk  of  the  yolk- 
sac  is  cut,  there  is  stretched  a  broad  mesentery  which  contains  numerous  ceils  and  complete)/ 
divides  the  body-cavity  into  a  right  u  ..Klenura  (<fu),  lying  in  the 

mesentery,  is  twice  cut  through  ;  dorsal ly  it  gives  rise  to  the  fundiinient  of  the  pancreas 
(jxin),  ventrally  to  that  of  the  liver  (/<;>.(/).     Further,  the  pla-  ne  .hu-t 

(tone)  emerges  from  the  duodenum  is  to  be  seen,      ip.c,  Neural  tube  (spinal  co:> 
ganglion  of  ixwterior  root ;  or,  anterior  root ;  tin,  do  really  directed  nerve  springing  from  the 
posterior  root ;  mp,  musc'e-plate  ;  -;;>/'-,  ]>art  of  muscle-plate  already  converted  into  muscles ; 
mp.i.  i  \vliich  gives  rise  to  the  muscles  of  the  limbs  ;  nl,  nervus  lateralis ; 

no,  aorta  ;  c/t,  chorda  ;  sy.y,  sympathftic  gan.qliou  ;  ca.v,  cardinal  vein  ;  sp.n,  spin..: 
ad.  sowir.ental  duct  (duct  of  primitive  kidney) ;  if,  segmental  tube  (pronepluic  tubule). 
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hensive  title,  as  ventral  alimentary  mesentery  (Ihd  -f  Is).  It  has 
been  described  by  KOLLIKER  on  sections  of  Rabbit  embryos  as  liver- 
ridge  (Leberwulst),  and  by  His  in  his  "Anatomie  menschlicher 
Embryonen  "  as  prehepaticus  (Vorleber) ;  it  has  the  form  of  a  mass 
of  tissue  rich  in  cells,  which  inserts  itself  between  the  wall  of  the 
belly  and  the  regions  of  the  intestine  previously  mentioned.  In 
cross  sections  through  human  and  mammalian  embryos  there  are 
encountered  in  it  the  capacious  vense  omphalomesentericae.  As  far 
as  a  mesocardium  and  a  mesogastrium  anterius  are  developed  in 
Vertebrates,  the  body-cavity  appears  even  subsequently  as  a  paired 
structure. 

The  cross  section  through  a  Selachian  embryo  (fig.  185)  shows  this 
distinctly.  The  duodenum  (du)  is  enclosed  in  the  connective-tissue 
mesentery,  which  reaches  from  the  aorta  (ao)  to  the  front  [ventral] 
wall  of  the  trunk  ;  dorsally  the  pancreas  (pan)  is  budded  forth  from 
its  wall,  ventrally  the  liver  (hp.d). 

The  liver  begins  to  be  developed  very  early  in  the  ventral  me- 
sentery (liver-ridge  or  prehepaticns),  and  in  this  exhibits,  as  will 
appear  later,  two  modifications,  which  are,  however,  unessential ;  for 
sometimes  it  appears  in  the  form  of  a  single,  sometimes  as  a  paired 
evagination  of  the  epithelial  lining  of  the  ventral  wall  of  the  duo- 
denum. 

The  first  is  the  case,  for  example,  in  the  Amphibia  and  Selachii. 
In  Bombinator  (fig.  159),  as  GOETTE  has  shown,  the  liver  arises 
broad  ventrally  directed  evagination  of  the  intestine,  which  lies  im- 
mediately in  front  of  the  accumulation  of  yolk-material.  The  liver 
remains  permanently  in  this  simplest  form  in  the  case  of  Amphioxus 
lanceolatus,  in  which  it  is  located  immediately  behind  the  gill-region 
as  an  appendage  of  the  intestinal  canal. 

In  the  case  of  Birds  and  Mammals,  on  the  contrary,  the  funda- 
ment of  the  liver  is  from  the  beginning  double.  As  has  been  known 
since  the  investigations  of  REMAK,  in  the  case  of  the  Chick  (fig.  186) 
on  the  third  day  of  incubation,  two  sacs  (I)  grow  out  of  the  ventral 
wall  of  the  duodenum  immediately  behind  the  spindle-shaped 
stomach  (St).  They  grow  into  the  broad  cell-mass  of  the  ventral 
mesogastrium  (the  Leberwulst),  one  passing  forward  to  the  left,  the 
other  backward  to  the  right,  and  thereby  embrace  from  above  the 
vena  omphalomesenterica  on  its  way  to  the  heart.  The  process  in 
Mammals  is  somewhat  different.  According  to  the  observations  of 
KOLLIKER  in  the  case  of  the  Rabbit,  the  primitive  hepatic  tube  of 
the  left  side  is  formed  in  the  embryo  of  ten  days,  to  which  a  right 
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duct    is    added    iu    tin-  murse    of  another    -lay.      Al-o    in    the  case  of 
hiiiiian  embryos  -1    nun.  long  His  demonstrate  1    ti.  i   there  if* 

only  a  single  hepatic  duct,  ami  that  some  time   at'teru  ards   a    ft 
appears  ( tig.   1  il.'J   /./'.</)• 

In  the  further  course  of  development  both  the  impure  1  and  the 
paired  hepatic  fun  da  merit  s  an-  metamorphosed  (put*-  rapidly  into 
a  tuluilar  gland  \\itli  numerous  branches;  this  acquires  a  special 
chaiacter.  differing  from  that  of  simple  tubular  gland-.  «>\\ing  to 
the  tact  that  the  tubes  early  become  joined  together  to  form  a  tine 
network,  .since  the  primitive  hepatic  tubes  send  out  numerous 
lateral  buds,  which  in  some  Vn  tebrates 
(Amphibia,  Selachii)  are  from  the  be- 
ginning hollow,  in  others  (Birds.  Mam- 
mals. Man)  solid.  Imbedded  in  the 
embryonic  connective  substance  of  the 
vent  ral  mosogastrium,  they  grow  out  in 
the  former  case  into  hollow  tub 
the  latter  into  solid  cylinders.  Th«- 
in  turn  are  soon  covered  with  corre- 
sponding lateral  processes,  and  so  on. 
Ilia-much  a>  these  grow  toward  die 
another, and  where  t  hey  meet(fig.  lS7lc) 
fuse,  there  arises  a  close  network  <>t 
hollow  glandular  canals  or  solid  hepatic 
cylinders  in  the  common  coniie. 
ti»u.-  matrix. 

Simultaneously  with  the  epithelial 
network  there  is  formed  in  it>me-h.-, 
a  network  of  blood-vessels  (g).  From 
the  vena  omphaloniosenterica,  which, 

as   previously   stated,  is  embraced    by    the   two   Inpatic   tub 
L'IOW  out  numerous  shoots,  and  these  by  forming  lateral  ln-ai. 
unite  with  one  anothtr  in  a  mannei-  corresponding  to  that  of  t!ie 
hepatic  cylind 

The  liver  of  the  Chick  i>  found  t<»  lw  in  this  condition  on  the  sixth 
day.  It  has  become  e\vn  imw  a  rather  volumiiuuis  <»r^an.  and  is 
composed,  as  in  the  case  of  Mammals  and  Man,  of  two  equally 
large  lob«->.  each  of  which  has  ari-en  from  one  of  the  two  primitive 
htpatic  ducts  by  budding.  The  t\\«»  l«»i»es  produce  »>n  the  vt-ntral 
mesi'iitery  two  ridges,  one  of  which  projects  into  the  left  body-cavity 
and  one  into  the  riirht  (fig.  184). 


Fig.  186. -Diagrammatic  view  of  th« 
alimentary  canal  of  a  Chick  on 
the  fourth  day,  after  G-  •• 

The  heavy  line  indicates  the  inner 
germ-layer,  the  shaded  portion 
MM  t,.i;n, I..,.:  it  the  splanchnic 
u  of  the  nieaoblaat  lgt 
Lung  ;  St,  stomach  ;  p,  pancreas ; 
I,  liver. 
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A  further  increase  in  the  size  of  the  liver  is  due  to  the  fact  that 
from  the  hepatic  cylinders  united  into  a  network  new  lateral 
branches  grow  forth  and  undergo  anastomosis,  whereby  new  meshes 
are  being  continually  formed. 

Herewith  the  essential  parts  of  the  liver  are  present  in  the  fun- 
dament :  (1)  the  secretory  liver-cells  and  the  bile-ducts,  (2)  the 
peritoneal  covering  and  the  suspensory  apparatus,  both  of  which  are 


Tig.  187.— Section  through  the  fundament  of  the  liver  of  a  Chick  on  the  sixth  day  of  incubation. 

Slightly  enlarged. 
Ic,  Network  of  hepatic  cylinders  ;  lcl,  hepatic  cylinder  cut  crosswise  ;  g,  blood-vessels  ;  gic,  wall 

of  the  blood-vessel  (endothelium) ;  bl,  blood-corpuscles  ;  bf.  peritoneal  covering  of  the  liver 

derived  from  the  ventral  mesentery.  The  changes  in  these  parts 
which  lead  to  the  permanent  condition  are  now  to  be  considered. 

The  epithelium  of  the  ducts  and  the  secretory  liver-parenchyma 
are  derived  from  the  two  hepatic  tubes  and  from  the  network  of 
hepatic  cylinders, — products  of  the  entoblast. 

The  parts  of  the  two  primitive  liver-tubes  first  formed  become  the 
right  and  left  ductus  hepatici.  In  Birds  and  Mammals  these  open 
at  first,  as  we  have  seen,  into  the  duodenum  close  together;  then  at 
their  place  of  entrance  there  is  formed  a  small  evagination  of  the 
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duodenum,  \vhicli  receiver  thetwoducttu  hepatiei.     The  evagination 

gradually  increase-  to  ;i  long  Dingle  .-.iM:il.  the  bile,  duel  <.j  ductu-* 
eholedochu>,  (lie  result  of  which  |T  lhat  the  whole  liver  IB 

farther  removed  from  its  source  of  origin. 

r.y  an  evagination  either  of  the  ductus  choledochua  »\-  of  ••ne  of 

the  two dactus hepatici,  the  ,/^// A/^A/,V  \\ith  it-  due:  m  i> 

eMablished.       In   Man  it    urigef    from  tin-  due  t  us  ch«»led.  >chr 
present  as  early  M  tin-  second  month. 

'I'he   network    <»f    hepatic  cylinder-.,    wlii.-li    are    BOmetimefi   hollow, 

sometimes  solid,  is  metamorphosed  in  two  in 

On,-   part    becomes  the  excretory  duct >   (thrductus   hilift-ri).      In 
the  caeefl  in  which  the  lirpatic  cylinder.^  are  at    lir>t  >olid,  they  i 

to  become  hollow  and  to  arrange  their  oella  into  a  cul.ical  «-r  cylin- 
drical ej.ithelium  around  the  luini'ii.  In  this  process  some  of  tin- 
branches  of  the  network  must  degenerate.  Kor.  whereafl  all  li«-|.:iti,- 
rylindeis  at  tirst  communicate  wit h  one  another  hy  n.eans  of  , 
tomosrs.  this  is.  as  KOI.I.IKKU  remark.-,  no  longer  the  case  in  the 
adult,  except  at  the  outlet  of  the  liver  (Leberpforte),  where  the 
well-known  network  of  bile-ducts  exi 

The  remaining  part  of  the  network  furnishes  the  secretory  par. -n- 
chyma  of  liver-cells.      The  character   of  a    netlike  tubular   <rland, 
which  becomes  so  evident  durinir  development,  i>  to  he  recoirni>rd 
even  in  the  fully  developed  or^an   in   the  ,  aso  of  the  low 
brates,    the  Amphibia   and    Keptiles.       The    tubules  of    the   </. 
which    were  from  tbe    beginning   hollow.    >ubxr.piently   exhibit    an 
exceedingly  narrow  lumen,  which   i-  dem.»n>trable  only  by  means  of 
artitic-ial  inaction,  and  which  in  CTOSfl  >ect  ion  is  Mirrounded  by  three 
to  five  liver-cells.     Through  their  manitold  anfl  'hey  produce 

an  extraordinarily  fine  network,  the  >m  all  meshes  of  which  are  filled 
up  by  a  network  of  capillary  blood-vessels,  together  with  a  very  small 
amount  of  connective  >ub>t.ince. 

In  the    higher  Vertebrates  (Birds,  Mammal>.    Man)  the  tubular 
structure  of  the  gland  >ul»ei|uently  l;ec<  :  '!i>picu«»u>  and 

the  liver  acquires  a  complicatnl  >tructur«-.  information  (oncernini: 
the  details  of  which  i-  given  in  •  of  histol 

There  arc  three  things  which,  from  a  developmental  point  of  view,  are  not  to 
be  lost  sight  of  :  first,  the  capillaries  of  the  bil. 

tion  of  the  primitive  hepatic  cylin-:-  1  l>y  only 

two  liver-cells,  which  an*   very  hiyi'  and   tlake-like  ;  thirdh.  i   out 

evaluations  between  and  even  into  the  liver-cells  t: 
greater  complication  is  brought  about  in  tbe  arrangement  of  the  fine  biliary 
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capillaries  and  the  hepatic  cells,  to  which  there  also  corresponds  a  greatei 
complication  in  the  distribution  of  the  capillaries  of  the  blood-vessels.  By 
means  of  all  this  the  original  tubular  structure  of  the  gland  becomes  almost 
entirely  obliterated  in  the  fully  developed  organ.  In  the  adult,  as  is  well 
known,  the  parenchyma  of  the  liver  is  divided  by  means  of  connective-tissue 
partitions  into  small  lobes  (acini  or  lobuli).  At  the  beginning  of  development 
nothing  is  seen  of  the  lobulated  structure,  because  all  the  hepatic  cylinders 

are  united  into  a  network.  Detailed  in- 
formation concerning  the  development  of 
the  lobules  is  wanting. 

Now  a  few  words  concerning  the 
ligaments  and  the  conditions  of  form 
and  size  which  the  liver  presents  up  to 
the  time  of  birth. 

The  ligamentous  apparatus,  as  was 
remarked  in  the  beginning,  is  preformed 
in  a  ventral  mesentery  (the  Vorleber). 
Owing  to  the  fact  that  the  two  hepatic 
sacs  grow  out  from  the  duodenum 
into  this  ventral  mesentery,  and  by 


fig.  188.  —  Diagram  to  show  the 
original  positions  of  the  liver, 
stomach,  duodenum,  pancreas, 
and  spleen,  and  the  ligamentous 
apparatus  pertaining  to  them. 
The  organs  are  seen  in  longi- 
tudinal section. 

I.  Liver ;  m,  spleen  ;  p,  pancreas ; 
dd,  small  intestine  ;  dg,  vitelline 
duct ;  bid,  coecuiu ;  md,  rectum  ; 
ke,  lesser  curvature,  gc,  greater 
curvature  of  the  stomach;  met, 
mesentery  ;  Jen,  lesser  omen  turn 
(Jig.  hepato-gastricum  and  hepato- 
duodenale);  Is,  ligamentuin  sus- 
ixjnsorium  hepatis. 


continual  branching  produce  the  right 
and  the  left  lobes  of  the  liver  (figs.  184, 
185,  and  188),  the  ventral  mesentery 
becomes  divided  into  three  portions : 
first,  a  middle  part,  which  furnishes 
the  peritoneal  covering  for  both  lobes 
of  the  liver;  secondly,  a  ligament  which 
proceeds  from  the  front  convex  surface 
of  the  liver  in  a  sagittal  direction  to  the 
ventral  wall  of  the  body,  extending  as 
far  as  the  navel  and  embracing  in  its 

free  margin  the  subsequently  disappearing  umbilical  vein  (ligamentum 
suspensorium  and  teres  hepatis,  figs.  184,  188  &);  and  thirdly,  a  liga- 
ment which  proceeds  from  the  opposite,  concave  or  portal  surface  of 
the  liver  to  the  duodenum  and  the  lesser  curvature  of  the  stomach, 
and  which  contains  the  ductus  choledochus  and  the  afferent  hepatic 
blood-vessels  (omentum  minus,  which  is  divided  into  the  ligamentum 
hepato-gastricum  and  hepato-duodenale).  (Figs.  184  1/ida.nd  188  kn.) 
The  lesser  omentum  or  omentum  minus  soon  loses  its  original 
sagittal  position  and  is  stretched  out  into  a  thin  membrane  running 
from  right  to  left  (fig.  166  kn) ;  this  is  due  to  the  fact  that  the 
stomach  undergoes  the  previously  described  displacement,  and  moves 
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into  the  K't't  half  •  •!'  ( In*  |><-i  -it-meal  ca\ity.  \\ln-n  a>  tin-  liver  grows  out 

into  the  right   ha'f   more  than   into  tin-   left.       In   cons.  :    the 

formation  of  the  li\vr  and  tin-  le->er  omeiit  um,  tin-  greater  om«-ut uin. 

produced   by  tli«-  tor>ion  of  the  Moiiiarh.  i,  .,n   addition,  which 

IN  designated  as  it.-s  anterham!  er  (atriuM  bOMH  "inentali  I        there 

i  oino  to  1-e  associated  \\itli  the  greater  omentum  tha 

body -cavity  which  lies  behind  tin-  li\er  and  lesser  oin.-iit  inn.  and  wliicli 

in  tin-  adult    |  well  known,  onlv  , 

foiaincn  of  \ViNvi.M\v)  lyiiii:  In-low  the  li-aiiu-nt uin  hepato-duodc: 

Concerning  the  development  of  the  conn  <-e  a  subsequent  part 

which  treats  of  the  diaphragm. 

Afl  far  as  regards  the  conditions  of  form  and  size  which  the  livi-r 
l>n-eiits  up  to  the  time  of  l»irtli.  there  are  two  points  whicli  are 
worthy  of  attention  :  first,  the  liver  early  acijui  iy  extra- 

ordinary size;  secondly,  its  two  lobes  are  developed  at  first  quite 
symnu  trie-ally.  In  the  third  month  it  nearly  fills  the  whole  body- 
cavity  ;  it>  tree  >harp  margin — on  which  a  deep  incision  between  the 
two  lobes  is  observable — reaches  down  almost  to  the  inguinal  region, 
leaving  here  only  a  small  space  free,  in  which,  upon  opening  the  body- 
cavity,  loops  of  the  small  intestine  are  to  be  seen.  It  is  a  very  vas- 
cular organ,  for  a  great  part  of  the  blood  returning  from  the  plat 
to  the  heart  passes  through  it.  At  this  time  the  secretion  of  bile 
lu-pns.  although  only  to  a  slight  extent.  This  increases  in  the>.o>inl 
half  of  pregnancy.  In  conse  nience  of  this  the  inte.-tine  gradually 
becomes  filled  with  a  hrownish-blaek  ma>s.  the  meconium.  This  is 
a  n.ixture  of  bile  with  mucus  and  detached  epithelial  c  11s  of  the 
intestine,  to  which  is  added  ainniotic  water  with  flak- s  of  ej»i<lenni> 
and  hairs  that  have  been  swallowed.  After  birth  the  ineconium  i> 
accumulated  in  the  large  intestine,  from  which  it  U  BOOH  afterwards 
eliminated. 

In  the  second  half  of  pregnancy  the  growth  of  the  two  lobes  of 
the  liver  becomes  unequal,  and  the  left  i-  -uij.i->id  more  and  more  in 
si/.e  by  the  light.  Before  birth  the  lower  margin  of  the  liver  projects 
downward  tor  some  distance  beyond  the  co>tal  cartilages,  almost  to 
the  umbilicus.  After  birth  it  dimini>he>  rapidly  in  >i/.e  and  weight, 
in  consequence  of  the  change  in  the  circulation  produced  by  the  pro- 
cess of  respiration.  For  the  stream  of  MOM!  which  during  embryonic 
life  has  branched  oil'  from  the  umbilical  \ein  into  the  liver  now  ceases. 
During  the  growth  of  tin*  body  the  liver  al>o  in.  >i/.e  still 

further,  but  less  than  the  body  taken  as  a  whole,  SO  that  its  relative 
weight  is  constai  tly  undergoing  reduction. 
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(2)  The  Pancreas. 

The  pancreas  is  developed  in  all  Vertebrates — with  the  exception 
of  a  few  in  which  it  is  wanting  (Bony  Fishes) — as  an  evagination  on 
the  dorsal  side  of  the  duodenum,  usually  opposite  to  the  origin  of  the 
liver  (6gs.  162,  163,  186  p).  In  the  Chick  (fig.  186)  the  first  funda- 
ment is  distinguishable  as  early  as  the  fourth  day ;  in  Man  it  appears 
somewhat  later  than  the  primitive  hepatic  tube,  and  has  been  de- 
monstrated by  His  in  embryos  8  mm.  long  as  a  small  evagination 
(figs.  162  and  163).  The  sac,  usually  hollow,  grows  into  the  dorsal 
mesentery  (figs.  184,  188  p)  by  giving  off  hollow,  branching,  lateral 
outgrowths. 

In  the  case  of  Man  the  pancreas  is  present  as  early  as  the  sixth 
week  in  the  form  of  an  elongated  gland  (fig.  164/?),  the  free  end  of 
which  has  penetrated  upward  [cephalad]  into  the  mesogastrium, 
and  thus,  midway  between  the  greater  curvature  of  the  stomach  and 
the  vertebral  column,  it  can  move  freely.  It  is  therefore  com- 
jK-lk-d  to  share  in  the  alteration  of  position  which  the  stomach  to- 
gether with  its  mesentery  undergoes.  In  embryos  of  the  sixth  week 
its  long  axis  still  corresponds  approximately  with  the  longitudinal 
axis  of  the  body.  The  free  end  then  moves  into  the  left  half  of 
the  body-cavity,  the  whole  organ  being  turned  (fig.  166)  until  finally 
its  long  axis  comes  to  lie  in  the  transverse  axis  of  the  body,  as  in  the 
adult.  In  this  position  its  head  is  imbedded  in  the  horseshoe-shaped 
curvature  of  the  duodenum,  whereas  its  tail  reaches  to  the  spleen  and 
left  kidney. 

Inasmuch  as  the  pancreas  in  its  development  has  grown  into  the 
mesogastrium  (figs.  164,  166,  188),  it  possesses  in  the  first  half 
of  embryonic  life,  as  TOLDT  has  shown,  a  mesentery,  on  which  it 
accomplishes  the  turning  previously  described.  But  at  the  fifth 
month  this  disappears.  (Compare  the  diagrams  fig.  167  A  and  B p.) 
For  as  soon  as  the  gland  has  taken  its  transverse  position,  it  at- 
taches itself  firmly  to  the  posterior  wall  of  the  trunk  and  soon  loses  its 
freedom  of  motion,  because  its  peritoneal  covering  and  its  mesentery 
become  fused  with  the  adjacent  parts  of  the  peritoneum  (fig.  167 
B  gn4).  In  this  manner  the  pancreas  of  Man,  which  was  developed, 
like  the  liver,  as  an  intraperitoneal  organ,  has  become  a  so-called 
extraperitoneal  organ,  owing  to  a  process  of  fusion  between  the 
serous  surfaces  that  come  in  contact  with  each  other.  By  means  of 
this  also  the  attachment  of  the  mesogastrium  is  displaced  from  the 
-bral  column  farther  to  the  left. 
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It  still  remains  to  he  nn-nt  i«»m  •!.  in  regard  to  the  outlet  of  the 
pancreas,  that  during  development  it  i>  continually  moving  nearer 
to  the  duetus  choledoehus.  and  that  finally  it  opens  in  common  with 
the  latter  into  tin-  duodenum  at  the  divert iculum  of  V.\ 

SUMMARY. 
A.  nrhicw  <>i  the  Alimentary   Gan«L 

1.  Tho  original  orifice  of  the  alimentary  canal  (resulting  from  the 
invagination  of  th*  inner  germ-layer),  the  primitive  mouth  (blast <>- 
pore),  becomes  closed  later,  owing  to  the  circumcrescence  of  the 
medullary  riders,  and  furnishe>  temporarily  an  open  communica- 
tion with  the  neural  tube,  the  canalis  neurentericus. 

_.  The  neurenteric  canal  likewise  disappears  subsequently  by  the 
tu-ion  of  its  walls. 

3.  The    alimentary    tube  acquires  new  openings    to  the    outside 
<vi>eeral  clefts,  mouth,  anus)    by  the  fusion  of  its  walls  with  the 
body-wall   at   certain   places,   and  by  the  regions    of   fusion   then 
becoming  thinner  and  rupturing. 

4.  The  visceral  clefts  arise  on  both  sides  of  the  future  neck-region 
of  the  body,  usually  five  or  six  pairs  in  the  lower  Vertebrates,  four 
pairs  in  Birds,  Mammals,  and  Man.     (Formation  of  outer  and  inner 
throat -furrows  ;    breaking  through  of  the  closing  plate.) 

5.  In  water-inhabiting   Vertebrates   the  visceral  clefts  serve  for 
branchial  respiration  (development  of  branchial  lamellae  by  the  for- 
mation of  folds  of  the  mucous  membrane) ;  in  Reptiles,  Birds,  and 
Mammals  they  become  closed  and  disappear,  with  the  exception  of 
the  upper  part  of  the  iir>t  t  ISM  ire.  which  is  employed  in  the  develop- 
ment of  the  organ  of  hearing  (external  ear.  tympanum,  Eustachian 
till*). 

C.  The  mouth  is  develop!  d  at  the  head-end  of  the  embryo  by  an 
unpaired  inva^i nation  of  the  epidermis,  which,  as  oral  sinus,  grows 
toward  the  blindly  ending  fore  gut.  and  l.y  the  breaking  through  of 
the  primitive  pharynx  al  membrane.  (Primitive-  palatal  velum.) 

7.  The  anu>  arises,  in  a  manner  similar  to  that  of  the  mouth,  on 
the  vintral  side  at  6  in  front  of  the  posterior  end  of  the 

1'ody,  so  that  the  intestinal  tube  is  *  -out  inued  for  a  rertain  distance 
beyond  the  anu>  to\\ard  the  tail. 

S.  The  post- anal  or  raudal  inte-'ine.  \\hirh  at  tir>t  stretrhes  from 
the  anus  to  the  posterior  end  of  the  Unly  (tail-part  of  the  body), 
becomes  rudimentary  afterward.-  and  wholly  disap.  that  the 
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anus  then  marks  the  termination,  as  the  mouth  does  the  beginning, 
of  the  alimentary  canal. 

B.  Separation  of  the  Alimentary  Tube  and  its  Mesentery  into 
Distinct  Regions. 

1.  The  alimentary  canal  is  originally  a  tube  running  straight  from 
mouth  to  anus,  near  the  middle  of  which  the  yolk-sac  (umbilical 
vesicle)   is   attached  by  means  of   the  vitelline  duct  (stalk  of  the 
intestine). 

2.  The  alimentary  tube  is  attached  throughout  its  whole  length  to 
the  vertebral  column  by  means  of  a  narrow  dorsal  mesentery ;  it  is 
also  connected  with  the  anterior  wall  of  the  trunk,  as  far  back  as  the 
umbilicus,  by  means  of  a  ventral  mesentery  (mesocardium  anterius 
and  posterius,  anterior  [ventral]  gastric  and  duodenal  mesentery). 
(Vorleber.) 

3.  At  some  distance  behind  the  visceral  clefts,  the  stomach  arises 
as  a  spindle-shapsd  enlargement  of  the  alimentary  tube  ;  its  dorsal 
mesentery  is  designated  as  mesogastrium. 

4.  The  portion  which  follows  the  stomach  grows  more  rapidly  in 
length  than  the  trunk,  and  therefore  forms  in  the  body-cavity  a 
loop  with  an  upper  [anterior],  descending  narrower  arm.  which  be- 
comes the  small  intestine,  and  a  lower  [posterior],  ascending  more 
capacious  arm,  which  produces  the  large  intestine. 

5.  The  stomach  takes  on  the  form  of  a  sac,  and  becomes  so  turned 
that  its  long  axis  coincides  with  the  transverse  axis  of  the  body,  and 
that  the  line  of    attachment  of  the  mesogastrium,  or  its  greater 
curvature,  which  was  at  first  dorsal,  comes  to  He  below,  or  caudad. 

6.  The  intestinal  loop  undergoes  such  a  twisting  that  its  lower, 
ascending  arm  (large  intestine)  is  laid  over  [ventral  to]  the  upper, 
descending   arm   (small  intestine)  from  right  to  left,    and   ( i 

it  near  its  origin  from  the  sl.omach. 

7.  The  twisting    of  the   intestinal     loop    explains    why   in    the 
adult  the  duodenum,  as  it  merges  into  the  jejunum,  passes  under 
the   transverse   colon  and   through   its  mesocolon.     (Crossing   and 
crossed  parts  of  the  intestine.) 

8.  The  lower  arm  of  the  loop,  during  and  after  its  twisting  and 
crossing  of  the  upper  arm,  assumes  the  form  of  a  horseshoe  and 
permits  one  to  distinguish  the  caecum,  the  colon  ascendens,  c.  ti 

um,  and  c.  descendens. 
{J.  Within  the  space  bounded  by  the  horseshoe,  the   upper  arm 
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of    the    loop    become^    folded    to  toini    the  convolutions  of   the  small 

intestine. 

in.  Tl  10  mesentery,  which  is  .-it  first  uniform  and  common  to  the 
whole  alimentary  tube,  becomes  differentiated  into  >ep;u-ate  region>, 
for  it  adap;>  itself  to  the  folds  and  to  the  elongation-  of  the  ali- 
mentary tube.  It  is  elongated  and  here  and  there  und-r^oes  fn-ioj, 
with  the  peritoneum  of  the  body-cavity,  by  means  of  which  it  cithei 
acquires  new  points  of  attachment  or  in  certain  tracts  wholly 
disappears  ;  some  portions  of  the  intestine  are  thus  deprived  of  their 
meuentery. 

11.  The  mesentery  of  the  duodenum,  and  in  part  also  that  of  the 
colon  ascendens  and  c.  descendens,  fuses  with  the  wall  of  the  body 
(extraperitoneal  part>  of  the  intestine). 

1  •_'.  The  mesentery  of  the  colon  transversum  acquires  a  new  line  of 
attachment  running  from  right  to  left,  and  becomes  differentiated 
from  the  common  mesentery  as  mesocolon. 

13.  The  mesogastrium  of  the  stomach  follows  the  torsions  of  the 
latter  and  is  converted  into  the  greater  omentum,  which  grows  out 
from  the  greater  curvature  of  the  stomach  to  cover  over  all  the 
viscera  lying  below. 

14.  Fusions  of  the  walls  of   the  omentum  with  adjacent   serous 
membranes   take  place  :   (1)  on  the  posterior  wall  of  the  body,  in 
consequence  of  which  the  line  of  origin  from  the  vertebral  column  is 
displaced  to  the  left  side  of  the  body;  (•_')  with  the  mesocolon  and 
colon  transveisiini ;  (3)  on  the  part  of  the  sac  which  has  overgrown 
the  intestines,  where  its  anterior  and  posterior  walls  come  into  close 
contact  and  fuse  into  an  omental  plate. 

C.    Development   of   Special    Organs   out    of  the    Walls   of  the 
Alimentary   Tube. 

1.  The  surface  of  the  alimentary  tube  increases  in  extent  inward 
by  means  of  folds  and  villi.  and  by  glandular  evaluations  outward. 

2.  There  are  developed.  Rfl  organs  of  the  oral  cavity,  the  ton L 
the  >ali\arv  glands,  and  the  teeth. 

3.  The  teeth,  which  in  the  higher  Vertebrates  are  found  only  at 
the  entrance  of  the  mouth,  are  distributed  in  tin-  low.  r  Vertebrates 
(Selachians,  etc.)  over  the  whole  of  the  cavity  of   the  mouth   and 
throat,  and  indeed   as  dermal   teeth   OVW   the  whole  Mil-face  of   th-- 
body. 

4.  The    dermal    teeth    are   dermal    papilla1  ossified    in    a    peculiar 
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manner,  in  the  development  of  which  both  the  superficial  layer  of 
the  corium  and  also  the  deepest  cell-layer  of  the  epidermis  investing 
the  latter  are  concerned. 

(a)  The  corium  [dermis]  produces  the  abundantly  cellular  dental 

papilla,  which  secretes  the  dentine  at  its  surface,  where 
a  layer  of  odontoblasts  is  formed. 

(b)  The  epidermis  furnishes  a  layer  of  tall  cylindrical  cells,  the 

enamel-membrane,  which  covers  the  dentine-cap  with  a 
thin  layer  of  enamel. 

(c)  The  base  of  the  dentine-cap  acquires  a  better  attachment 

in  the  dermis  from  the  fact  that  the  latter  becomes  ossi- 
fied in  its  vicinity  and  furnishes  the  cementum. 

5.  At  the  margins  of  the  jaws  the  tooth-forming  tract  of  the 
mucous  membrane  sinks  down  into  the  underlying  tissue ;  there  is 
first  developed  by  a  proliferation  on  the  part  of  the  epithelium  a 
dental  ridge,  on  which  the  teeth  of  the  jaws  arise  in  the  same  way 
t  hat  t  ho  dermal  teeth  do  on  the  surface  of  the  body. 

6.  The  development  of  a  tooth  takes  place  on  the  ridge  in  the 
following  way  :  the  epithelium  grows  more  rapidly  at  one  point,  and 
a  papilla  of  the  connective-tissue   part   of   the  mucous  membrane 
grows  into   this  proliferated   part   or  enamel -organ.      The  dental 
papilla  forms  the   dentine,  but   the   enamel-organ,  developing  an 
enamel-membrane,  secretes  the  enamel ;  finally,  the  connective- tissue 
dental  sac  becomes  ossified  and  furnishes  the  cementum. 

7.  Beneath  the  milk-teeth  there  are  early  formed  in  Mammals 
and  Man,  at  the  deep  edge  of  the  dental  ridge,  the  fundaments  of 
supplementary  teeth. 

8.  From  the  throat-region  of   the  intestine  there  are  developed 
thymus,  thyroid  gland,  accessory  thyroid  gland,  and  lungs. 

9.  The  thymus  arises  by  the  thickening  and  peculiar  metamorphosis 
of  the  epithelium   of   several  pairs  (Selachii,  Teleostei,  Amphibia, 
Reptilia),  or  of  only  one  pair,  of  visceral  clefts. 

(a)  In  Selachians  and  Teleosts  there  is  a  proliferation  of 
epithelium  at  the  dorsal  ends  of  all  the  visceral  clefts, 
which  are  penetrated  by  growths  of  connective  tissue  and 
blood-vessels. 

(6)  In  Mammals  and  Man  there  i>  fornml  irom  the  thin] 
pair  of  visceral  clefts  a  pair  of  epithelial  th\  mus-sacs, 
which  send  out  lateral  buds  and  become  peculiarly 
altered  histol< .-gically. 

(c)  In   Man    the    two    thvmus-,a<s  are   join«d    in    the    median 
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plane   to  an    unpaired    hndv.  which    lie^in>  i,  rate 

in  the  lirM  y«  ars  after  birth. 

10.  Tho  thyroid  inland  is  an  unpaired  nr-an.  which  i  the 
of  tin-  body  of  tin-  hyoid  bone  from  (iihera   hollow  or  a  M.lid 

of  the  epithelium  in  tin-  floor  of  tin-  pharyngeal  cavil  v. 

(a)  The  epithelial  rod  detaches  itself  from  its  parental   t 
and  forms  lateral  rods. 

(6)  At  a  later  stage  these  epithelial  cords  become  separated 
into  small  epithelial  spheres,  which  secrete  in  their 
interiors  colloid  substance  and  are  converted  into 
wholly  closed  glandular  sacs  enveloped  in  highly  vascular 
capsules  of  connective  tissue. 

11.  The  accessory  thyroid  irlands  are  paired  and  arise  from  ex-agi- 
nations of  the  epithelium  of  the  last  pair  of  visceral  clefts,  which 
undergo  metamorphoses  similar  to  those  of  the   unpaired   thyroid 
gland. 

12.  The  accessory  thyroid   glands   in   most  Vertebrates   remain 
separated  from  the  unpaired  thyroid  gland  by  a  greater  (Reptiles) 
or  less  (Birds)  space,  whereas  in  Mammals  they  appear  to  fuss  with 
it  to  form  a  single  body. 

1 3.  The  lung  is  developed  out  of  the  floor  of  the  alimentary  canae 
in  the  throat-region,  behind  the  fundament  of  the  unpaired  thyroid 
gland. 

(a)  A  groove-like  evagination,  which  is  constricted  off  from  the 
alimentary  canal  as  far  forward  as  its  anterior  end, — 
the  entrance  to  the  larynx, — becomes  larynx  and  wind- 
pipe. 

(6)  From  the  posterior  end  of  the  groove  there  grow  out  two 
sacs,  which  acquire  at  their  ends  vesicular  enlargements 
and  constitute  the  fundaments  of  the  right  and  left 
bronchus,  together  with  the  corresponding  lung. 

(c)  The  want  of  symmetry  between  the  right  and  left  lung 

i>  early  exhibited,  since  the  ri«:ht  sac  provides  itself 
with  three  vesicular  lateral  luids  tho  fundaments  of  the 
three  lobes,  whereas  the  left  sac  forms  only  two  buds. 

(d)  The  further  development   of  the  lungs  allows  one  to  dis- 

tinguish two  stages,  of  which  the  first  exhibits  a  great 
similarity  to  the  development  of  an  acinous  -jland.  In 
the  first  stages  the  primitive  pulmonary  >a">  increase  in 
number  by  constrictions  and  at  the  same  time  become 
differentiated  into  a  narrower  conducting  part,  the 
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bronchial  tubes,  and  a  broader  vesicular  terminal  part. 
In  the  second  stage  the  air-cells  or  pulmonary  alveoli 
are  formed. 

14.  From  the  intestinal  canal  proper  there  are  formed  only  two 
glands,  which  are  large  and  developed  from   the   duodenum — the 
liver  and  the  pancreas. 

15.  The  liver  is   developed  as  a  branched  tub.ular   gland  which 
becomes  a  network. 

(a)  There  grow  out    from   the    duodenum    into    the   ventral 

mesentery  or  prehepaticus  (Vorleber)  two  liver- tubes, 
the  fundaments  of  the  left  and  right  lobes  of  the  liver. 

(b)  The    tubes   form    hollow    or    solid    lateral    branches,    the 

hepatic  cylinders,  which  are  united  into  a  network  and 
become  in  part  bile-ducts,  in  part  the  secretory  paren- 
chyma of  the  liver  and  biliary  capillaries. 

(c)  The  ductus   choledochus   arises  as  an    evagination   of   the 

wall  of  the  duodenum  which  receives  the  two  hepatic 
tubes,  and  it  forms  at  one  place  an  evagination  which 
becomes  the  gall-bladder  and  the  cystic  duct. 

16.  From  the  ventral  mesentery,  into  which  the   hepatic   tubes 
grow,  are  derived  the  serous  investment  and  a  part  of  the  ligamentous 
apparatus  of  the  liver,  namely,  the  lesser  omentum    (ligamentum 
hepato-gastricum  and  hepato-duodenale)  and  the  ligamentum  sus- 
pensorium  hepatis. 

17.  The   pancreas   grows   from   the   duodenum   into   the   dorsal 
mesentery  and  into  the  mesogastrium. 

18.  The  mesentery  which  the  pancreas  originally  possesses  subse- 
quently disappears  by  becoming  fused  with  the  posterior  wall  of  the 
trunk ;  at  the  same  time,  in  consequence  of   the  twisting  of   the 
stomach,  the   long   axis   of   the   pancreatic  gland   comes  to  lie   in 
the  tra  s verse  axis  of  the  body. 
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CHAPTER  XV, 
THE  OltGANS  OF  THE  MIDDLE  GERM-LATER. 

VOLUNTARY  Mrscri.ATnn-:,   L'IUNAHV  AND  SKXUAL  ORGAN-. 

THE  organs  which  take  their  origin  from  the  middle  germ-layer 
stand  in  the  closest  ur«  m  tic-  rdation  to  tlio  morphological  products  of 
the  entoblast.  For,  as  was  stntrd  in  tlic  lirst  part  of  this  \vork,  the 
middle  germ-layer  is  <l  v«-lop«  d  l»y  a  j.im-  n  »t  i-vaLriiiatimi  from  the 
inner  germ-layer,  and  is  therefore,  lik«-  tli«-  latt»-r.  an  «  pitlielial  mem- 
brane, which  srrves  as  the  boundary  of  a  cavity.  In  view  of  its 
origin,  is  it  remarkal»li-  that  the  organs  ari>in^  from  it  are  of  a 
glandular  nattir*-.  ainNuch  a>  pru«hn-  >jis  l»y  means  of  g»'iuiiin' 

epithelial  glandular  colls  1 

In  earlier  times  this  phenomenon  was  tin-  cause  of  a  good  deal 
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of  difficulty,  because  since  the  time  of  REMAK  there  had  been  an 
i- n< leaver  to  bring  the  middle  germ-layer  as  a  non-epithelial  structure 
into  contrast  with  the  other  germ-layers.  Attempts  were  also  made 
to  explain  this  supposed  contradiction  by  assuming  that  the  glandular 
organs  in  question  were  derived,  sometimes  in  one  way,  sometimes  in 
another,  from  the  outer  germ-layer.  With  the  acceptance  of  the 
ccelom-theory,  however,  the  theoretical  objections  to  the  production 
of  glands  by  the  middle  germ-layer  have  ceased  to  have  any 
foundation. 

Out  of  the  middle  germ-layer,  or,  otherwise  expressed,  out  of  the 
i-pithelial  wall  of  the  embryonic  body-sacs,  are  developed — aside  from 
the  mesenchyme,  concerning  the  source  of  which  an  extended  account 
was  given  in  the  ninth  chapter — three  very  different  products  :  first 
the  whole  voluntary  musculature,  secondly  the  urinary  and  sexual 
organs,  thirdly  the  epithelial  or  endothelial  linings  of  the  large 
eerous  cavities  of  the  body. 

I.  The  Development  of  the  Voluntary  Musculature. 

The  total,  transversely  striped,  voluntary  musculature,  aside  from 
a  part  of  the  muscles  of  the  head,  arises  from  those  parts  of  the 
middle  germ-layer  which  have  been  differentiated  as  primitive 
segments,  and  with  their  appearance  have  effected  the  first  primitive 
and  most  important  segmentation  of  the  vertebrate  body.  As  has 
been  previously  stated,  the  segmentation  affects  the  head  as  well  as 
the  trunk,  so  that  trunk-segments  and  head-segments  must  be  dis- 
tinguished. Since  the  latter  are  in  many  points  distinguished  in 
their  origin  and  metamorphosis  from  the  former,  a  separate  descrip- 
tion of  the  two  is  fitting.  I  begin  with  the  history  of  the  metamor- 
phosis of  the  primitive  segments  of  the  trunk,  and  treat  of  the  same 
first  in  Amphioxus  and  the  Cyclostomes,  which  furnish  the  simplest 
and  most  easily  interpreted  conditions,  and  then  in  the  Amphibia, 
ami  finally  in  the  higher  Vertebrates. 

A.  Primitive  Segments  of  the  Trunk. 

In  Amphioxus  the  primitive  segments  (fig.  103  mh)  are  sacs,  which 
are  pn>\  i«l.  .1  wit  h  a  l:irge  cavity,  and  the  walls  of  which  are  composed 
of  a  single  layer  of  epithelial  cells.  The  latter  are  fuither  developed 
in  two  ways,  for  an  accurate  knowledge  of  which  we  are  indebted  to 
Hint  I.KK.  Only  tin-  cells  (fig.  189)  which  abut  upon  the  chorda  (ck) 
and  the  neural  tube  (n)  are  destined  to  form  muscle-fibres;  they 
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inert  :d'-rably    in    si/.e,   project    t'.-ir    into   the    ravity  of    the 

primitive  sennit -in.  and  assume  tin-  form  of  plates;  these  lie  parallel 
to  one  another  and  to  the  longitudinal  axis  of  tin-  lioily  ;  and  one 
margin,  which  I  -hall  desiiM  plan  <1  perpendicularly 

upon  the  surface  of  the  chorda.  Wry  rarly  (in  the  stage  with  t.  n 
primitive  segments)  the  cell-plat » s  begin  at  their  bases  to  be  dill' r- 

entiattd  into  transversely  striped  muscle-fihrilhe,  with  which  the 
embryos  are  already  able  to  execute  feeble  contractions.  By  the 
continual  addition  of  new  fibrilke  to  those  which  are  formed  at  tin- 
surface  of  the  chorda,  and  by  an  extension  of  the  differentiation  to 
both  the  surfaces  of  the  cell-plates 
which  are  in  contact  with  each  other, 
there  arise  the  transversely  striped 
muscle-layers  (Muskelblatter)  which 
are  characteristic  of  the  musculature 
of  Amphioxus.  These  are  attached 
to  the  chorda  on  the  right  and  left 
like  the  leaves  of  a  book.  The  more 
the  fibrillse  increase  in  number,  the 
more  the  protoplasm  of  the  forma 
tive  cells  between  them  diminishes  in 
amount  and  the  more  is  the  nucleus 
with  a  remnant  of  protoplasm  forced 
toward  that  edge  of  the  cell  which 
faces  the  cavity  of  the  primitive 
segment. 

The  remaining  cells  of  the  primitive 

segment  are  converted  into  a  low  pavement-epithelium,  which  neither 
now  nor  later  takes  part  in  the  formation  of  muscles.  (Cutis-layer 
of  HATSCHEK.) 

Having  arisen  in  the  vicinity  of  the  chord. i,  the  muscle-layer  in 
older  animals  spreads  out  both  dorsally  and  Venn-ally,  and  thus 
furnishes  the  total  voluminous  musculature  of  the  trunk,  which,  like 
the  cellular  primitive  segments  from  which  it  is  derived,  is  separated 
into  successive  portions  (the  myomei « 

In  general  the  Cyclostomes  (fig.  190)  agree  in  the  development  of 
their  muscles  with  Amphioxus.  H  re,  Ml  there,  one  must  distinguish 
between  an  inner  muscle-forming  epithelial  layer  (//>/*),  which  hounds 
th»>  chorda  (/'//)  and  the  neural  tube  (.V).  and  an  outer  indifferent 
epithelial  layer  ('!••),  which  occupies  the  Mile  toward  the  epidermis. 
The  latter  (ae)  consists  of  low  llat  cells,  the  former  of  very  broad  and 


Fig.  189.— Cross  section  through  the 
middle  of  the  body  of  an  Am- 
phioxus embryo  with  11  primitive 
segments,  after  HATSCHKK. 

ak,  ik,  Outer,  inner  germ-layer  ;  nub1, 
:,  \i-.vi al  lamella  of 
the  middle  germ-layer ;  us,  primi- 
tive segment;  n,  neural  tube; 
ch,  chorda;  lit,  body-cuvity ;  dk, 
intestinal  cavity. 
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olongattd  plates  («i£),  which  as  in  Amphioxus  are  arranged  perpen- 
dicularly to  the  surface  of  the  chorda  and  neural  tube.  Since  in 
Petromyzon  the  primitive  segments  are  destitute  of  cavities,  the  two 
epithelial  layers  lie  immediately  in  contact,  and  are  continuous  with 
each  other,  both  dorsally  and  ventrally,  by  means  of  transitional 
cells  (WZ),  in  the  same  way  that  in  the  fundament  of  the  lens  its 
epithelium  is  continuous  with  the  lens-fibres.  Muscle-fibrillae  (mf) 
are  now  differentiated  on  both  the  broad  surfaces  of  the  cell-plates. 

Thus  arise  muscle-layers  (Mus- 
kelblatter)  which  are  perpen- 
dicular to  the  chorda.  These 
layers  are  each  composed  of 
two  sheets  of  the  finest  fibrillse, 
running  parallel  to  one  an- 
other. The  two  sheets  are 
separated  from  each  other  by 
a  delicate  film  of  cementing 
substance ;  one  of  them  owes  its 
existence  to  one  formative  cell, 
the  other  to  an  adjacent  cell. 
In  older  larvae  the  primi- 
tive segments  spread  out  both 
above  and  below  ;  accom- 
panying this  process  there  is 
a  continual  formation  of  new 
muscle -layers  from  the  pre- 
viously mentioned  cells  ( WZ}. 
The  upper  and  lower  margins 
of  the  primitive  segments 
therefore  constitute  a  zone 
of  jyroliferation,  by  means  of 
which  the  musculature  of  the 
trunk  is  continually  growing  further  dorsad  and  ventrad. 

At  a  later  stage  of  development,  in  larvae  six  weeks  old  (fig.  191), 
the  muscle-layers  are  converted  into  Muskelkdatchen  (£),  as  SCHNEIDER 
has  named  these  peculiar  definite  structural  elements  of  the  Cyclo- 
Btomes.  The  facing  fibnllse-sheets  of  two  adjacent  layers  (Blatter) 
unite  with  each  other  along  their  margins.  Since  these  sheets  have 
been  produced  on  the  two  sides  of  one  cell-plate,  each  formative  cell 
mded  on  all  sides,  as  though  with  a  mantle,  by  the 
fihrilla*  whirh  it  has  generated. 
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tig.  190.— Cross  section  through  the  trunk-muscu- 
lature of  a  larva  of  Petromyzon  Planeri  14 
days  old.  Magnified  MX)  diameters. 

A'  and  C'h,  the  part  of  the  cross  section  which  is 
adjacent  to  the  neural  tube  and  the  chorda ; 
c/u,  skeletogenous  sheath  of  the  chorda;  tp, 
epidermis ;  at,  outer  epithelial  layer  of  the 
l» iinitive  segment;  m*,  nuclei  of  muscle-cells; 
M/I  muscle-tibrillio  in  cross  section  ;  WZ,  zone 
of  growth  -transition  from  the  outer  cell-layer 
to  the  muscle-forming  layer  of  the  primitive 
it. 
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Finally,  threo  aid  rations  of  the  Moakelk&Btohen  t;tk<-  place.     The 
homoir« 'in -ous  cementing   substance,    which    \v;is    indicated  during  the 
first  stage  by  only  ;t   line    line   between    the  two  fibrilla- 
a  muscle-layer,   incn  :i>,  s  and  produce   the  partition   by  me. 
which  the  individual  M  uskelkiistchen  :ire  separated  from  each  other, 
and  in  which  afterwards  connect  ive-f  issue  cells  and  blord-ves-i  K  are 
also  to  be  found.    Secondly,  the  protoplasmic  matrix  of  the  format  iv«« 
cells  is  almost  completely  consumed  in  the  continued  production  of 
numerous  fine  fibrilhc,  which  finally  fill  the  whole  interior  of  the  !^ 
chen.     One  can  now  distinguish  two  dill,  rent  kinds  of  iihrilhc 
that  are  centrally  located,  and  those  that  arc  firmly  attached  to  the 
partitions.      Thirdly,  there  are  to  be  found  scattered  between  the 
fibrilhe  numerous  small  nuclei,  which  pro- 
bably   are   descended   from   the   original 
single  nucleus  of  the  formative  cell   by 
frequently  repeated  division. 

The  development  of  the  muscle-seg- 
ments takes  place  in  the  remaining  Ver- 
tebrates in  a  somewhat  different  manner 
from  that  of  Amphioxus  and  the  Cyclo- 
stomes.  For  the  study  of  this  process 
the  tailed  Amphibia  furnish  the  most 
instructive  objects.  In  Triton  (figs.  106, 
105  ush)  each  of  the  primitive  segments 
contains  a  considerable  cavity,  which  is 
bounded  on  all  sides  by  large  cylindrical 

epithelial  cells.  In  somewhat  older  embryos  active  cell-multiplication 
takes  place  in  the  part  of  the  epithelium  which  is  adjacent  to  the 
chorda  and  neural  tube,  and  which,  therefore,  corresponds  to  the 
previously  described  muscle -forming  layer  of  Amphioxus  and  the 
Cyclcstomes.  By  this  growth  the  cavity  of  a  primitive  segment 
becomes  entirely  filled.  At  the  same  time  the  cells  lose  their  original 
arrangement  and  form;  they  are  converted  into  longitudinally  ar- 
ranged cylinders,  which  correspond  in  length  to  a  primitive  segment 
and  are  located  by  the  side  of  and  above  one  another  on  both  sides  of, 
and  parallel  to,  the  spinal  cord  and  chorda  dorsalis  (tig.  192).  Each 
cylinder,  which  in  the  beginning  exhibits  only  a  single  nucleus  (ink), 
becomes  surrounded  with  a  mantle  of  the  finest  transversely  striped 
fibrillae  (mf)  ;  it  is  now  comparable  with  a  Muskelkiistclun  of  the 
Cyclostomes  (fig.  191).  A  series  of  further  alterations  also  takes 
place  in  this  instance  as  in  the  former.  In  older  larvae  there  are 


mf  mk 


Tig.  191.— Cross  section  through 
the  trunk-musculature  of  a 
larva  of  Petromyzon  Planeri 
6  weeks  old.  Magnified  500 
diameters. 

k,  Muskelkastchen ;  mk,  nuclei 
of  muscle-cells  ;  mf,  muscle- 
fibrillse  cut  crosswise. 
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continually  being  formed  more  fibrillse  (fig.  193),  which  gradually  fill 
the  interior  portion  of  the  cylinder.  Only  in  the  axis  of  the  latter 
are  there  places  left  free,  in  which  the  small  nuclei  (mk)  come  to  lie ; 
these,  formed  by  division  of  the  single  mother-nucleus,  increase 
considerably  in  number.  Moreover,  connective  tissue  with  blood- 
vessels now  penetrates  between  the  muscle-fibres  or  the  primitive 
bundles  (pb),  as  the  finished  elements  are  subsequently  called. 

If  we  consider  from  a  general  point  of  view  the  facts  here  presented, 
which  have  been  acquired  in  the  study  of  the  lower  Vertebrates,— 


•<. 


Fig.  193. 
Tig.  192. -Cross  section  through  the  musculature  of  the  trunk  of  a  larva  of  Triton  teniatus 

6  days  old.    Magnified  500  diameters. 
>.«t,  Nuclei  of  muscle-cells  ;  in/,  muscle-fibriHae  cut  crosswise  ;  dk,  yolk-granules. 

Fig.  193.— Cross  section  through  the  musculature  of  the  trunk  of  a  larva  of  Triton  teniatus 
10  days  old.  Magnified  500  diameters. 

pb,  Primitive  bundle  of  muscle-fibrillse  (Musktlprimitivbundel) ;  mf,  muscle-fibrillae  cut  cross- 
wise ;  mk,  nuclei  of  muscle  cells. 

we  arrive  at  two  propositions  of  importance  concerning  the  origin  of 
the  musculature : — 

(1)  In  Vertebrates  the  elements  of  the  musculature  of  the  trunk  are 
developed  out  of  epithelial  cells  which  are  derived  from  a  circumscribed 
territory  of  the  epithelium  of  the  body-cavity, — a  territory  that  is  con- 
stricted off  from  the  latter  to  form  the  primitive  segments. 

(2)  The  epithelial  products  become  surrounded  and  enveloped  on  all 
sides  by  connective  tissue,  just  as  do  the  glands  and  gland-ducts  that 
bud  forth  from  an  epithelium. 

A  comparison  with  the  condition  and  development  of  the  musculature  of  some 
classes  of  Invertebrates  leads  to  a  still  better  comprehension  of  the  above 
propositions.  In  most  of  the  Coelenterates  the  muscular  elements  are  components 
of  the  epithelium,  not  only  during  their  development,  but  also  in  the  adult 
animal,  «o  that  the  designation  cpithelio-muscular  edit  is  suitable  for  them. 
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bio  feature  of  ii  b.-ing  simple 

cubical,    sometimes    c\  lindric;.!,     s<  Hurt  iiiu-s    thread-. 

i-uds  of  which  ordinarily  reach   tin-  surface  of   tin-  epithelium  and  arc 

'..:o\ided  with  cilia,   whereas   their   i  lie   upon   '  tutive 

lamella   (>t  lit /lamelle)    of    the   body   and   I  ited   into  one  or 

.d  filher  Miiooth  or  t  ran-\  etsely  striped  mu^de-ttbrilhe.      Inasmuch  as  the 

librilhe  of  inimerou-  oellfl  lie  parallel  and  close  to  01.  •  me II, t- 

\vhi<-h    the    <-l-:inges  in  the  form   of   the  bod, 

produced.      /       i   •  '-literates    loth    //,  '<iycrt   can 

develop  nnifi-le-ci'lls. 

When  one  turns  to  the  Venues  it    is  seen,  in  those  groups  in  \vhi-h  a  : 
cavity  (jin  eiiteroeu-1)  is  formed  by  an  infolding  of  the  inner  germ-lay<r,  that 
the   parietal  wall  of  the  body-cavity,  or  the   parietal   la:  'he   middle 

germ-layer,  has  assumed  the  production  of  the  entire  musculature  of  the 
trunk.  Here  also,  for  example  in  the  Cluetognatha,  etc.,  the  epithelial  cells 
differentiate  at  their  basal  ends,  which  are  directed  toward  the  surface  of 
the  body,  a  lamella  of  niuscle-librilliu,  when  .  bound  the 

l)cdy- cavity.  Tim*  from  1h<-  loin-r  to  Uic  Itiyhfr  tin  him  I*  tin-  capability  of 
j>ro<lnchi;i  iiiiitic'i-*  /v.  icith  the  prwjrcssirt'  di >)',•/;•// f  infin/i  of  the  hotly,  more  and 
more  restricted  to  a  limited  special  territory  of  the  total  cpltl  'merit 

of  the  body. 

This  process  has  proceeded  furthest  in  the  Yeiu-brates,  for  in  them  the 
musculature  of  the  trunk  is  no  longer  furnished  by  the  whole  parietal  lamella 
of  the  middle  germ-layer,  but  by  only  a  small  detached  part  of  it,  the  primitive 
nts.  Consequently  in  Vertebrates  the  musculature  spreads  out  from  a 
Miudl  region  where  it  originates,  distributes  itself  first  in  the  trunk,  and  then 
from  the  latter  grows  out  into  the  extremities. 

In  the  Vertebrates  we  recognised  two  different  forms  of  voluntary  musculature, 
the  muscle-layer  (and  the  Mu>kelk;istchen  derivable  from  it)  and  the  primitive 
bundle  (Muskelprimitivbiindd).  1'arallels  to  this  are  found  in  the  Inverte- 
brates, both  in  Ccelenterates  and  in  Worms.  In  Ccelenterates  both  forms  are 
derived  from  the  primitive  smoothly  outspread  muscle-lamella  by  the  forma- 
tion of  folds,  and  are  to  be  explained  in  the  same  way  as  the  formation  of  those 
folds  which  in  epithelial  lamellaj  play  such  an  important  part  in  the  origin  of 
the  most  various  organs.  When  certain  tracts  of  a  muscle-lamella  are  called 
upon  to  execute  additional  labor,  this  can  be  effected  only  by  an  increase 
in  the  number  of  the  librillse  lying  parallel  to  one  anothar.  But  a  greater 
number  of  fibrilloe  can  be  brought  into  a  circumscribed  territory  only  in  one  or 
the  other  of  two  ways  :  either  by  tleir  coming  to  lie  in  several  layers  one  above 
another,  or — if  the  more  simple  arrangement  of  lying  side  by  side  is  to  be 
retained — by  the  folding  of  the  muscle-lamella.  The  folding  exhibits  two 
modifications.  Sometimes  there  are  produced  parallel  daughter-lamrlhe  placed 
side  by  side  and  perpendicular  t<>  the  mother-lamelhe  ;  sometimes  the  folded 
lamellae  become  wholly  detached  from  the  parent -layer  and  converted  into 
muscle-cylinders,  which  imbed  themselves  in  the  underlying  sustentative 
lamella. 

With  the  conception  here  presented  of  the  origin  of  the  transversely  striped 
muscle-fibres  of  Vertebrates,  it  must  be  assumed  as  very  probable  that 
subsequently  an  increase  in  their  number  will  take  place  as  a  result  of 
constriction  and  detachment  into  two  part.-,  as  \\as  lirst  maintained  by 
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In  Amphioxus,  the  Cyclostomes,  and  the  Amphibia  the  most 
important  function  of  the  primitive  segments  is  the  production  of  the 
fundament  of  the  transversely  striped  and  voluntary  musculature. 
On  the  other  hand  it  is  not  very  evident  that  the  primitive  segments 
also  share,  in  the  manner  previously  (p.  172)  described,  in  the  deve- 
lopment of  the  mesenchyme; 
this  is  correlated  with  the  fact 
that  in  general  the  connective 
and  sustentative  substances 
play  a  slight  role  in  the  con- 
struction of  the  bodies  of  the 
lower  Vertebrates,  and  es- 
pecially during  larval  life  are 
developed  to  only  a  very  insig- 
nificant amount. 

This  is  altered  in  the  Sela- 
chians and  the  three  higher 
classes  of  Vertebrates.  Not 
only  does  the  mesenchyme 
in  the  adult  bodies  of  these 
attain  a  more  voluminous 
development  and  a  degree  of 
differentiation  that  is  in 
all  directions  more  advanced, 
but  it  is  also  established 
earlier  and  likewise  in  greater 
abundance.  Therefore  the 
primitive  segments  here  ex- 
hibit in  their  metamorphosis 
somewhat  modified  pheno- 
mena. At  the  same  time 
with  the  differentiation  of 
the  muscular  tissue,  and  in 
part  even  before  that  event, 
the  development  of  mesen- 
chyme is  observable.  The  primitive  segment  (fig.  194)  in  this  case 
is  differentiated  from  the  start  into  two  equally  distinct  fundaments, 
of  which  the  one  is  designated  as  sclerotome  or  skeletogenous  layer 
(*&),  the  other  as  muscle-plate  (mp).  While  referring  the  reader  to 
the  ninth  chapter,  I  add  to  the  presentation  given  there  a  few 
further  statements. 


fig.  194.-  Cross  section  through  the  region  of  the 
pronephros  of  a  Selachian  embryo,  in  which 
the  muscle-segments  [myotomes]  (,,./'<  are  in 
process  of  being  constricted  off.  Diagram 
after  WIJHE. 

nr,  Neural  tube  ;  ch,  chorda ;  ao,  aorta ;  sch,  sub- 
notochordal  rod  ;  mp,  muscle-plate  of  the 
primitive  segment ;  ir,  zone  of  growth,  where 
the  muscle-plate  bands  around  into  the  cutis- 
plate  (cp)  ;  ib,  tract  connecting  the  primitive 
segment  with  the  body-cavity,  out  of  which 
are  developed,  among  other  things,  the  meso- 
nephric  tubules  (fig.  205  uk) ;  sk,  skeleto- 
genous tissue,  which  arises  by  a  proliferation 
from  the  median  wall  of  the  connecting  tract 
r& ;  ra,  pronephros ;  ink1,  mk*t  parietal  and 
visceral  middle  layer,  from  whose  walls 
mesenchyme  is  developed  ;  I h,  body-cavity  ; 
ik,  entoblast. 
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In  the  ^i-laciiian.N  tin-    keletogenous  lay.  of  which  has 

already  IM  en   de>cnl»  d.  »rows  upward   at  (lie  >ide  of  (he  chorda  (fig. 

i'/-).  ouiMdeof  this  layer  one  findfl  tin-  part  of  the  primitive 
-fLMiicnt  which  serves  for  the  formation  of  nui-.-ie.  This  consists  of 
an  innt  r  laser  (/////)  and  an  outer  layer  (mp)t  which  are  separated 
fnmi  each  ether  by  the  remnant  of  the  cavity  of  the  primitive  segment 
(fig.  194  /<).  The  inner  layer  (fig.  195  mp')  is  in  contact  with  the 
>keletoi,renous  tissue  ( FV),  and  is  composed  of  numerous,  superposed, 
Bpindle-shaped  cells  which  are  arranged  longitudinally  and  give  rise 
to  transveis  ly  striped  muscle-fibrillae  ;  they  correspond  to  the  inner 
wall  of  the  primitive  segment  in  the  larvae  of  Amphioxus  (fig.  189) 
and  Cyclostomes,  which  is  in  direct  contact  with  the  chorda.  The 
outer  layer  lies  in  contact 
with  the  epidermis,  and 
remains  for  a  long  time 
composed  of  cubical  epi- 
thelial cells.  Dorsally  and 
vent  rally  it  bends  around 
into  the  muscle  -  forming 
layer,  and  here  contributes 
to  the  enlargement  of  the 
latter,  as  in  Amphioxus 
and  the  Cyclostomes,  by 
its  cells  becoming  longer 
and  being  metamorphosed 
into  muscle-fibres  (fig.  185). 
The  muscle  -  plate  then 
spreads  out  farther  into 

the  wall  of  the  trunk  both  above  and  below  (figs.  185  and  205). 
At  the  same  time  its  cavity  (myocoel)  gradually  disappears.  The 
muscle-forming  layer  (fig.  185  mp'}  continues  to  increase  in  thickness, 
since  the  number  of  muscle-fibres  becomes  greater ;  the  outer  layer 
al.-o  loses,  rather  late  it  is  true,  its  epithelial  character,  and  is  con- 
cerned on  the  one  hand  in  the  development  of  the  corium  (fig.  205 
cp),  while  on  the  other  it  furnishes  an  additional  outer,  thin  muscle- 
lamella.  This  observation,  made  by  BALFOUR,  has  often  been  called 
in  question,  but  has  recently  been  confirmed  by  VAN  \Vi.nn:. 

In  Reptiles,  Birds,  and  Mammals  the  proliferation  of  the  primitive 
segments  which  furnishes  the  skeletogenous  tissue  is  still  more 
extensive  than  in  Selachians.  Thereby  the  muscle-plate,  or  the 
dorsal  plate,  as  it  is  also  called,  is  crowded  farther  away  from  the 


Fig.  195.  —Horizontal  longitudinal  section  through  the 
trunk  of  an  embryo  of  Scyllium,  after  BALFOUR. 

The  section  is  undo  at  the  height  of  the  chorda,  and 
shows  the  separation  from  the  muscle-plates  of  the 
cells  which  form  the  bodies  of  the  vertebrae. 

cA,  Chorda ;  ep,  epidermis ;  Kr,  fundament  of  the 
bodies  of  the  vertebrae  ;  mp,  outer  cell-layer  of 
the  primitive  segment ;  mp',  portion  of  the  primi- 
tive segment  which  has  already  been  differentiated 
into  longitudinal  muscles  (muscle-plats). 
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chorda.  The  differentiation  of  muscle-fibres  follows  at  a  much  later 
stage  of  development,  in  comparison  with  Amphioxus  and  the  Cyclo- 
stomes.  The  inner  layer  of  the  muscle-plate  is  converted  into 
longitudinal  muscle-fibres,  the  outer  contributes  to  the  formation  of 
the  corium  (fig.  202). 

Let  us  now  consider  somewhat  more  in  detail  the  original condition 
of  the  mmculature.  It  shows  at  the  beginning  complete  uniformity 
in  all  classes  of  Vertebrates.  Everywhere  there  appears  as  its 
foundation  a  very  simple  system  of  longitudinal  contractile  fibres, 
which  first  appear  near  the  chorda  and  neural  tube  and  spread 
themselves  out  thence  dorsally  toward  the  back  and  ventrally  in  the 
wall  of  the  belly.  The  muscle-mass  is  divided  in  a  very  uniform 
manner  into  separate  segments  or  myomeres  by  means  of  connective- 
tissue  partitions  (ligamenta  intermuscularia),  which  run  transversely 
or  obliquely  to  the  vertebral  column.  In  the  lower  Vertebrates  this 
condition  persists,  in  the  higher  ones  it  gives  place  to  a  more 
complicated  arrangement. 

We  cannot  recount  more  precisely  the  details  of  the  manner  in 
which  the  groups  of  muscles  of  the  higher  Vertebrates,  so  various  in 
form  and  position,  are  derived  from  the  original  system,  especially 
since  this  field  of  embryology  has  been  as  yet  little  cultivated ;  let 
attention  be  here  called  to  only  two  points,  which  come  in  question 
in  the  differentiation  of  the  groups  of  muscles. 

First,  a  very  important  factor  is  furnished  in  the  development  of 
the  skeleton,  which  with  its  processes  affords  points  of  attachment 
for  muscle-fibres.  Some  of  these  find  in  this  way  opportunity  to 
detach  themselves  from  the  remaining  mass. 

Secondly,  the  development  of  the  limbs,  which  arise  as  protuberances 
at  the  side  of  the  trunk  (figs.  157  and  158),  operates  toward  a 
greater  differentiation  of  the  musculature.  The  limbs  likewise  ac- 
quire their  musculature,  which  in  the  higher  Vertebrates  has  a  very 
complicated  arrangement,  from  the  primitive  segments,  as  has  been 
learned  through  the  investigations  of  KLEINENBERG  and  BALFOUR,  as 
well  as  recently  through  the  very  convincing  accounts  of  Don  UN. 

In  the  Selachians,  in  which  the  processes  are  most  clearly  recog- 
nisable, cell-bu4s  sprout  forth  out  of  the  still  hollow  primitive  segments 
and  grow  into  the  paired  and  median  fins,  in  which  they  become  meta- 
morphosed into  muscle- fibres.  The  fact  that  always  from  a  large 
number  of  primitive  segments  buds  are  given  off  to  a  fin  is  worth  i/  <>J 
attention,  because  it  demonstrates  that  the  extremity  is  a  structure 
that  belongs  to  several  somites. 
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/;.   rit<>  Segment* 

Important  woi  k>  on  the  de\.-lopiii.-nt   of  tlio  head  have  appeared 
in  Late  years  by  GOUTS,  B.M.FOIK.  M  \K-II  M.I..  \\Uiii:.  I-'KOKI 
and  others.     They  have  led  to  the  imp«»i  i.-mt    conclusion    tin' 
head  is  made  up  of  a  large  number  of  segments,  in  the  same  manner 
as  the  trunk.      These  conditions  are  HUM  evident  in  the  Selachians. 

When  in  these  animals  the  middle  germ  layer-  have  grown   into 
the  fundament  of  the  head,  they  here,  as  in  the  trunk,  early  sepa rat •• 
from  each  other,  and  thus  embrace  on  either  >ide  a  nan-, 
like  space,  the  head  cavity.      This  is  continuou>   pnMeriorly  with  the 
general  l>ody-cavity.     It  follows  from  this  that 
the  two  primitive  body-sacs  (ccelom-sacs)  possess 
<>  <jreater  extent  in  the  embryo  than  they  do  sub- 
*nfiit>nttii,  since  they  reach  into  the  most  anf>  ru>r 
part  of  the  embryonic  fundament,  the  head.  aa- 

In  the  further  course  of  development  the  walls 
of  the  head-cavity  are  differentiated,  in  the  same      Fier.  i96.-Cross  section 
manner  as  the  walls  of  the  body-cavity,  into  a        through  the  next  to 

J  J1  the  last  visceral  arch 

ventral  portion  and  a  dorsal  portion,  the  latter        of  an  embryo  of  Pris- 

producing  primitive  segments.  Then  there  arises, 

however,  an  important  difference  between  head        visceral 

and  trunk ;  in  the  trunk  only  the  dorsal  portion 

is  segmented,  but  in  the  head  both  ventral  and        visceral  arch ;oa,  blood- 

,  ,.  ,     ,  ,     •  vowel   of    the  visceral 

dorsal  portions  are  segmented,  each  in  a  manner        arch  (aortic  arch) 
peculiar  to  itself. 

The  ventral  part  of  the  head-cavity  is  divided,  in  consequence 
of  the  development  of  the  \isceral  clefts,  into  separate  segments 
(hranchiomeres  AHLBORN),  the  first  of  which  is  situated  in  front  of 
the  first  cleft,  each  of  the  remaining  ones  between  two  clefts.  Each 
segment  (tig.  196)  consists  of  a  wall  composed  of  cylindrical  cells  and 
encloses  a  narrow  cavity.  With  its  enveloping  connective  tissue  it 
constitutes  the  vi-eeral  aivh»  B,  which  are  separated  from  one  another 
by  the  visceral  clefts;  for  this  reason  the  fissures  arising  from  the 
head-cavity  have  been  designated  by  \\ "I.HII:  as  vi-c.-ral-arch  cavities. 
The  latter  communicate  for  a  time  under  the  gill-pouches  with  the 
pericardial  chamber  surrounding  the  heart.  But  then  they  begin  to 
be  closed;  their  walls  come  into  contact ;  and  out  of  the  cylindrical 
epithelial  cells  are  developed  the  tran>\cr>«-ly  striped  muscle  fibres 
which  produce  the  muscles  oftliejaws  an>l  <////*. 

Consequently  there  results  for  the  head-region  of  Ver  this 
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important  proposition  :  the  /tead- musculature  is  developed  not  only  out 
of  the  primitive  segments,  but  also  out  of  a  part  of  the  epithelium 
of  the  head-cavity  which  corresponds  to  the  lateral  plates  of  the  trunk ; 
whereas  the  latter  do  not  contribute  to  the  formation  of  muscles. 

So  far  as  regards  the  dorsal  part  of  the  middle  germ-layer  in  the 
head-region,  it  is  divided,  as  in  the  trunk,  into  primitive  segments, 
which  in  the  Selachians  are  nine  in  number  and  embrace  each  a 
cavity,  with  the  exception  of  the  first,  which  is  solid.  They  arise 
first  in  the  posterior  region  of  the  head,  and  increase  from  there 
forward.  The  segmentation  of  the  whole  body  is  therefore  accomplished 
in  the  Selachians — and  the  same  is  likewise  true  for  all  the  remaining 
Vertebrates — in  sucJi  a  manner  that  it  begins  in  the  neck-region,  and 
proceeds  t/ience  on  the  one  hand  backward  to  the  tail,  on  the  other 
forward. 

The  walls  of  the  primitive  segments  of  the  head  in  part  furnish 
muscles,  in  part  degenerate.  Out  of  the  first  three  pairs  arise  the 
( ye-muscles,  as  MARSHALL  and  WIJHE  have  demonstrated  in  detail. 
The  first  segment  envelops  the  primitive  eye-vesicle  like  a  cup,  and 
is  differentiated  into  musculus  rectus  superior,  rectus  inferior,  and 
obliquus  inferior.  The  second  pair  gives  origin  to  the  obliquus 
superior,  and  the  third  pair  to  the  rectus  externus.  The  segments 
from  the  fourth  to  the  sixth  inclusive  disappear,  while  out  of  the 
List  three  are  developed  muscles  which  extend  from  the  skull  to  the 
pectoral  girdle. 

In  the  remaining  Vertebrates  the  metamorphosis  of  the  middle 
germ-layer  in  the  head  has  not  been  investigated  in  so  exhaustive 
a  manner  as  in  the  case  of  the  Selachians.  There  do  not  appear 
to  be  any  head-cavities  developed,  because  the  middle  germ-layers 
remain  at  all  times  pressed  together.  However,  we  know  that 
primitive  segments  are  demonstrable  even  here.  GOETTE  describes 
four  pairs  of  them  in  Bombinator ;  FRORIEP  finds  in  Mammals  in 
the  occipital  region  alone  on  either  side  four  muscle-segments,  of 
which  the  two  most  anterior  are  believed  subsequently  to  degenerate. 
In  individual  cases  there  still  remains  much  to  be  elucidated  by 
more  exhaustive  investigations. 

RABL  has  recently  expressed  dissent  in  some  points  from  the 
exposition  of  the  head-segments  as  given  by  WIJHE.  He  divides  the 
head-segments  into  two  groups — four  anterior  or  proximal,  and  five 
posterior  or  distal.  Only  the  latter  are  according  to  RABL  to  be 
compared  with  the  trunk-segments  ;  whereas  the  first,  owing  to  their 
liod  of  origin,  must  tak<>  a  .separate  position. 
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II.  The  Development  of  the  Urinary  and  Sexual  Organs. 

Tin-development  of  the  nrinaryand  >e\u:il  organs  cannot  hedi-r 
M-parately  in  two  chapters,  because  these  systems  of  ci  LMH-  ;n  •«•  most  in 
timately  connected  with  each  other,  both  anatomically  and  genetically. 
Kir>t.  I'oth  take  their  origin  at  one  and  the  same  place  on  the  ej>i 
thehal  investment  of  the  body-cavity;  secondly,  parts  of  the  urinary 
system  subsequently  enter  into  the  service  of  the  sexual  apparatus, 
tor  they  furnish  the  pus>:i«jes  or  canals  which  are  e:it  ruMcd  \\ith  tin- 
evacuation  of  the  eggs  and  semen.     In  anatomy  also  one  therefore 
properly  embraces  the  two  genetically  united  systems  of  organs  under 
the  common  name  of  urogenital  system  or  apparatus 

Again  in  this  subject  we  turn  to  one  of  the  most  interesting 
portions  of  embryology.  The  urogenital  system  claims  an  interest 
particularly  from  a  morphological  point  of  view,  because  a  great 
number  of  important  metamorphoses  are  effected  in  it  during 
embryonic  life.  In  the  higher  Vertebrates  the  pronephros  and  the 
niesonephros  are  formed  first;  they  are  organs  of  an  evanescent 
nature,  which  in  some  cases  disappear  and  are  replaced  by  the 
permanent  kidney,  in  other  cases  their  ducts  alone  are  preserved. 
But  these  transitory  structures  correspond  to  organs  which  are 
permanently  functional  in  the  lower  Vertebrate-. 

In  late  years,  the  attention  of  investigators  having  been  directed  to 
a  x  ties  of  entirely  new  and  unexpected  phenomena,  by  the  excellent 
10. -arches  of  WALDEYER  arid  SEMPER,  the  topic  "  urogenital 
organs"  has  been  carefully  worked  out  by  very  many  diften  nt 
observers  through  the  investigation  of  each  separate  class  of  Verte- 
brates. There  has  arisen  a  voluminous  literature,  and  many  im- 
portant facts  have  been  brought  to  light.  Nevertheless  it  is  not  to 
be  denied  that  conceptions  concerning  many  fundamental  question.- 
are  still  very  divergent. 

As  in  several  previous  chapters,  I  shall  also  here  give  to  the 
discussion  a  broader  foundation  by  treating  somewhat  moiv  ex- 
haustively of  the  lower  Vertebrates  in  certain  questions. 

(a)  The  Pronephros  and  the  Mesonephric  Duct. 
The  first  thing  that  becomes  noticeable  in  the  origin  of  the  uro- 
genital apparatus  is  the  fundament  of  the  pronephros  [head-kidney]. 
This  is  a  structure  which  has  now  been  demonstrated  in  the  embryos 
of  all  Vertebrates,  but  which  plays  in  some  a  greater  part,  in  other.-, 
a  lesser  one.  In  some  Vertebrates  (]\Iy \iin-,  Bdellostoma,  Bony 
Fishes)  it  is  retained  permanently ;  in  others,  as  the  Amphibia,  it 
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grows  during  larval  life  to  an  important  organ,  which  disappears 
after  the  animal's  metamorphosis;   finally,  in   the  Selachians  and 

Amniota  its  funda- 
ment is  from  the 
beginning  very  rudi- 
mentary. In  the 
latter  case  it  was 
held  to  be  the  front 
end  of  the  meso- 
nephric  duct,  until 
through  comparative 
embryology  the  right 
view  had  been  at- 
tained. 

I  select  as  types 
of  the  development 
of  the  pronephros 
the  Selachians,  Am- 
phibia, and  Birds. 

In  Selachians  of 
about  twenty  -  seven 
somites  the  prone- 
phros begins  vat  li 
the  third  or  fourth 
trunk  -  segment  and 
is  developed  from 
there  backwards. 
At  the  place  where 
the  segmented  por- 
tion of  the  middle 
germ  -  layer  is  con- 
tinuous with  the 
lateral  unst'gmented 
portion,  there  grow 
out  of  its  parietal 
lamella  a  number  of 


Fig  107. 


Fig.  198. 

Fiji  197  and  198.— Two  CTOM  sections  through  an  embryo  of 
Pristiunu,  after  RABL.  Cross  section  fig.  193  lies  a  little 
farther  back  than  section  rig.  197. 

<7«,  Chorda;  ipg, spinal  ganglion ;  mp,  muacle-plate  of  primitive 
tegment ;  W,  skeletogenous  tiaeue  which  has  grown  forth 
from  the  median  wall  of  the  primitive  segment ;  sck,  sub- 
notochordal  rod ;  ao,  aorta  ;  ik,  inner  germ-layer  ;  pmb, 
VM&,  parietal,  visceral  middle  layer;  vn,  pronephros; 
rg,  pronephriu  duct ;  x,  fissure  in  the  primitive  segment, 
ukich  is  still  in  communication  with  the  body-cavity. 


cell -cords    (fig.    197 
vn)   segment  ally   ar- 
ranged  one   behind   another,  in   Torpedo   six,   in   Pristiurus   four, 
which    b«-nd    backwards   and   become    united    into    a   longitudinal 
cord.      Soon    afterwards    the    fundaments    acquire    small    cavities 
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through  disassociation  of  the  cells.      In   tin-   manner  there   has  now 
11  between  epidermis  and  parietal  middle  layer  a  longitudinal 
canal,  which  st  retches  over  several  segments  of  the  tr"nk  and  com  - 
in  11  nicalcs  w  it  h  the  body-cavity  by  means  of  sewial  sucoeaireope] 
the  pronephric  funnels  (fig.  194  vn).     At  one  plan-  tin-  pronephric 
duct  comes  close  up  to  the  epidern 
and  fuses   with  it   (fig.    198  vg).     A\- 
though    an     actual    opening   is    never 
formed    here.   Mill,    supported   by    this 
one  may  e.\pre>s  the  conjecture 
that  originally  the  pronephros  in  Ver- 
trl nates   opened   out   at   a    point    far 
forward    on    the    body    (VAN    \Vuiii:, 
RUCKERT). 

A  short  time  after  its  format  ion  the 
fundament  undergoes  in  its  anterior 
half  a  complete  dc  generation  ;  the  pos- 
half,  on  the  contrary,  is  further 
developed  and'  enlarges,  but  remains 
in  connection  with  the  body-cavity  by 
means  of  a  >ingle-  funnel  only  (tig.  194 
i-it),  either  brcau>c.  as  VAN  \\'i.ini:  AS- 
:d  funnels  are  fused  into 
u  single  one,  or  because,  in  accordance 
with  the  account  of  RUCKERT,  all  the 
funnels  except  a  single  one  become 
closed  and  dt  generate. 

In  the  Amphibia,  with  which  the 
Bony  Fishes  exactly  agree  in  this  point, 
the  pronephros  is  established  in  the 
most  anterior  part  of  the  trunk  as 
an  organ  that  is  from  the  beginning 
hollow  (fig.  199).  Below  the  primitive 
sigments,  which  have  already  been 
dill'erentiaied  into  muscle-fibres  (m), 

there  app.  ars  a  groove-like  evaluation  (»)  of  the  parietal  layer 
of  the  peritoneum,  which  stretches  from  in  front  backward 
several  somites.  By  detaching  itself  from  its  parent-tissue  at 
several  places,  and  r<  maining  in  connection  with  it  at  others,  it  is 
converted  into  a  longitudinal  canal,  whi-h  in  liana  and  Bombinator 
oommunicatea  with  the  body-cavity  by  means  of  three  pronephric 


Tig.  193.  Cross  section  through  a 
very  young  Tadpole  of  Bombinator 
in  the  region  of  the  anterior  end  of 
the  yolk-sac,  .if 

a,  Fold  of  the  outer  germ- layer  that 
is  continued  into  the  dorsal  tin  ; 
M*,  si'in.-tl  o>nl ;  ;,i,  latoral  muscle; 
a**,  outer  n -li -l.iv,  r  <>{  the  muscle- 
phite  ;  *,  iU'-.-<-m-iivm:itii-  ivlls  ;  6, 
transition  of  the  \mr\\. 't.il  into  the 
i.il  iiiiddlo  lnyrr;  <(,  }iri>nephlO6; 
/,  int.->tin.il  civity;  f,  ent> 
which  is  rnntiimoiis  with  tlio  mn£« 
of  yolk-cells  ((/);/',  ventral  coocal 
l»iiu-h  of  the  intestine,  wliich  b«- 
I  tho  li\er. 
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funnels,  in  Triton  and  Salamander  by  means  of  two.  The  whole 
fundament  soon  after,  during  the  larval  life,  acquires  ample  propor- 
tions, owing  to  the  fact  that  the  nephridial  funnels  grow  out  into  long 
and  very  tortuous  tubes  (pronephric  canals).  (FURBRINGER,  GOETTE.) 

In  Birds,  with  which  Rep- 
tiles and  Mammals  agree,  the 
pronephros  appears,  much  as 
in  Selachians,  in  a  more  or  less 
rudimentary  form  (SEDGWICK. 
GASSER,  RENSOX,  SIEMERLING, 
WELDON,  MIHALKOVICS).  It 
is  first  observable  in  embryo 
Chicks  having  eight  primitive 
segments  and  in  the  region  of 
the  seventh  somite;  in  older 
embryos  it  is  developed  from, 
this  place  backward  into  the 
region  of  the  twelfth  somite. 
At  the  place  where  the  primi- 
tive segments  (fig.  200  P.v) 
are  constricted  off  from  the 
lateral  plate  (S.o),  but  still 
remain  for  some  time  in  con- 
tinuity with  it  by  means  of  a 
connecting  region  (the  middle 
plate),  there  grows  out  from 
the  parietal  lamella  of  the 
middle  germ -layer  (somato- 
pleure)  a  ridge  of  cells  (W.d)t 
which  is  directed  toward  the 
overlying  epidermis.  Later, 
like  the  corresponding  furrow 
in  the  Amphibia,  it  becomes 
detached  in  places  from  its 
parent  -  tissue,  and  when, 
meanwhile,  the  primitive  seg- 
ments hav«-  likewise  wholly  detached  themselves  from  the  lateral 
plates,  it  is  converted  into  a  longitudinal  cord,  which  is  united  with 
the  epithelium  of  the  body-cavity  by  means  of  short  transverse 
branches.  Similar  conditions  exist  in  Reptiles  and  Mammal-. 

Kinnlly,  the  pronephros  subsequently  acquires  a  peculiar  condition 
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from  tl.e  t';..-t  that  t here  are  developed  out   of  tin-  wall  of  the  body- 
cavity,  in  the  vicinity  of  tin*  opening  of  !<•>  niiml.  >.  one  or  se 

ular  ^lomeriili.  In  tin-  (  'hi  -k  for  example  (tig.  'J<>1  ),  in  t  he  region 
from  the  eleventh  to  the  lift eent h  M>mite>,  t here  is  &  proliferation  of 
eonnecti\e  tissue  on  either  side  of  the  mi  — by  mea; 

which  the  right  ami  left  prom-phridia  arc  separated  fr<  111  each  other, 
which  grows  into  tin-  1-ndy  cavity  as  a  spheroidal  body  (<//). 
A  blood-vessel  from  the  aorta  penetrates  into  each  proliferation 

and  is  here  iv>olved  into  a  tut't  of  capillaries.  \\liich  are  tlien  united 
airain  into  an  eil'erent  v« •>>.•!.  Only  in  those  Vertebrates  in  which  the 
pi-one]  hms  is  functional,  as  in  the  lar\;e  of  tlie  Amphibia,  in  the 
Cyclostoin,->  and  the  Telf 
does  the  «;l»nnenilMs  attain  to  a 
considerable  development,  where- 
a>  in  the  Selachians  and  Anmiota 
it  remains  rudimentary.  In  the 
first  caM>  Huid  or  urine  is  pro- 
l>a  1  >ly  secreted  by  this  apparatus. 
and  then  taken  up  by  the  open- 
ings of  the  pronephric  tubules 
and  conducted  outside  the  body 
by  means  of  the  pronephric  duct, 
which  is  to  be  discu»ed  directly. 
There  is  one  point  in  this  con- 
nection that  is  noteworthy  and 
characteristic  of  the  structure  of 
the  pronephros :  the  glomerulus 
is  de\elo}»td,  not  in  the  wall  of 
the  pronephric  tubule  itself,  as 
is  the  case  in  the  tubules  of  the  meson,  phros,  hut  in  the  wall  of  the 
1  oily-cavity,  so  that  the  urine  can  be  evacuated  only  through  the 
;u-y  of  the  latter. 

But  in  what  manner  does  the  pronephros  communicate  with  the 
outside? 

Tins  communication  takes  place  by  mean >  of  a  longitudinal  canal, 
which  is  developed  in  immediate  continuation  with  the  pronephros, 
and,  he^i lining  in  front,  gradually  Arrows  hackwards  until  it  reaches 
the  proctodaeum  and  opens  into  the  cloaca.  It  is  found  in  all 
Vertebrates  in  the  region  where  the  primitive  segments  abut  upon 
the  lateral  plates.  At  the  time  of  its  origin  it  is  always  close  under 
the  epidermis,  later  it  is  farther  and  farther  removed  from  the  latter 


Fig.  201.  Cross  lection  through  the  external 
glomerulus  of  a  pronephric  tubule  of  an 
embryo  Chick  of  about  100  hours,  after 

KM  . 

•inenilus;    ;/• .  fjuthelium; 

uiesouephric    (\V,.ltfi:m)    duct;    ao, 

The    I'l.'iLfphric 

tubule  aii'l   it^  o . m, ,v: ion    \\itli  the  glo- 
iiH-rulus  are  not  shown  in  this  tigure. 
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by  the  ingrowth  of  embryonic  connective  tissue,  and  comes  to  lie- 
very  deep  (fig.  202  wd  and  fig.  205  ug).     This  canal  has  acquired  a 
number  of  different  names,  and  is  cited  in  the  literature  as  pro 
nephric,   mesoiiephric,   Wolffian,   or   segmental  duct.      The   different 
designations  are  explainable  from  the  fact  that  the  canal  alters  its 
function  in  the  course  of  the  development  of  the  iiephridial  system 
serving  at  first  as  an  outlet  for  the  pronephros  only,  afterwards  for 
the  mesonephros. 

Views  concerning  the  origin  of  the  canal  were  for  a  time  conflicting. 
According  to  one  supposition,  which  a  few  years  ago  almost  all 
investigators  entertained,  the  longitudinal  canal  of  the  pronephrosr 
when  it  had  been  constricted  off  from  the  parietal  wall  of  the  body- 
cavity,  protruded  with  its  posterior  end  as  a  free  knob  into  the  space 
between  outer  and  middle  germ-layers,  and  gradually  grew  out  inde- 
pendently, by  multiplication  of  its  own  cells,  as  far  as  the  hind  gut 
(proctodaeum).  It  was  said,  therefore,  to  be  constricted  off  from 
neither  the  outer  nor  the  middle  germ-layers,  nor  yet  to  derive  from 
them  cell-material  for  its  increase. 

This  interpretation  has  recently  become  untenable.  As  is  reported 
in  an  entirely  trustworthy  manner  concerning  several  different  classes 
of  Vertebrates, — for  Selachians  (WiJHE,  RABL,  BEARD),  for  Amphibia 
(PERENYI),  for  Reptiles  (MITSUKURI),  and  for  Mammals  (HENSEN, 
FLEMMING,  GRAF  SPEE), — the  posterior  end  of  the  pronephric  duct  in 
process  of  growth  is  in  these  cases  by  no  means  an  entirely  isol 
structure,  but  is  in  close  union  with  the  outer  germ-layer.  Attention 
has  already  been  called  to  this  fact  apropos  of  the  development  of  the 
pronephros.  In  a  Selachian  embryo  the  condition  which  is  r<-]>;-«  •- 
•  d  in  fig.  197  is  soon  followed  by  a  condition  (fig.  198)  in  whirli. 
in  a  series  of  cross  sections,  the  pronephric  duct  now  appears  as  a 
ridge-like  thickening  of  the  outer  germ-layer.  By  a  study  of  various 
older  embryos  it  can  be  further  established,  that  the  ridge-like  thick- 
ening of  the  outer  germ-layer  is  prolonged  backwards  by  means  of 
n-11-proliferation  in  that  layer,  while  in  front  it  is  being  constrict,  <1 
off  from  the  parent-tissue.  The  pronephric  duct  therefore  grows  at 
the  expense  of  the  outer  germ-layer,  and  moves  as  it  were  along  the 
latter,  with  its  terminal  opening  behind,  as  far  as  to  the  hind  gut. 

When  HENSEN,  FLEMMING,  and  GRAF  SPEE  made  their  observ; 
on  Man i in: i Is,  they  were   thereby  led  to   adopt  the  view  that   the 
mesonephric  duct,  as  well  as  the  whole  urinary  system,  was  derivable 
from  the  outer  germ-layer.     The  union  with  the  middle  germ-layer 
they  regarded  as  one  that  had  arisen  secondarily.     But  their  concep- 
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(ion  cannot  be  brought  into  uni-on  \\ith  tin-  COnditiODfl  of  the  pro- 
nephros  \\liich  have  been  found  in  the  remainini:  and  «->p«riaIly 
in  t  lie  lo\v«-r  Vertebrates  (Selachians.  'I1,  -1.-..M-,  Ani|i!iil)i:i,  nii>U);  on 
tin-  other  hand  allowance  is  made  for  all  ol»ervation~,.  if  we  sum- 
marise tin-in  a>  follows  :  that  tin-  pronephros  is  developed  from  the 
'•middle  plate,"  and  that  then  it-  poxt.-rior  end  comes  into  union 
with  tin-  outers-mi  layer  and  in  conjunction  with  th- 
farther  backward  as  tin-  pronephric  duct. 

If  this  explanation,  which  has  also  been  expressed  by  WIJHE  and 
RiiCKERT,  is  correct,  then  one  can  d< -situate  the  pronephric  duct  at 
its  lii-st  appearance  as  a  short  canal  like  pi-rf oration  of  the  wall  of 
the  body,  which  brains  in  tin-  body -cavity  with  one  or  several  inner 
o.-tia  and  opens  out  upon  the  skin  by  a  single  external  orifice. 
<  Jri-rinally  the  outer  and  inner  openings  lay  near  tog  ither,  later  they 
moved  so  far  apart  that  the  outer  opening  of  (he  canal  united  with 
the  hind  gut.  It  may  be  said,  in  favor  of  the  view  here  presented, 
that  in  the  Cyclostomes  the  more  primitive  condition,  that  is  to  say, 
the  union  with  the  skin,  has  been  preserved.  For  in  them  the 
mesonephric  duct  opens  to  the  outside  at  the  abdominal  pon-. 

That  openings  ^hould  arise  between  the  cavities  of  the  body  and  it  - 
outtr  surface  is  in  no  way  remarkable.  I  call  to  mind  tin-  intestinal 
tuhe,  at  various  places  in  tin-  territory  of  which  there  are  formed 
openings,  as  mouth,  anus,  and  branchial  clefts.  Still  nior.  frequent 
are  pa»a^i-s  through  the  body-wall  of  Invertebrates.  As  such,  arise 
the  openings  at  the  tips  of  the  hollow  tentacles  of  the  Actinia,  on 
the  ring-canal  of  the  Medusa-,  and  tin-  <  -egmental  organ*) 

which  in  Worms  lead  out  from  the  body-cavity  and  serve  for  the 
elimination  of  the  sexual  products  and  the  excretions. 


(b)   The  Afesonep/iros.     (Wolffian  Body.) 

Following  upon  the  origin  of  the  pronephric  system  there  is  de- 
veloped in  all  Vertebrates,  after  the  lapse  of  a  longer  or  shorter 
interval  of  time,  a  still  more  voluminous  gland,  serving  for  the  se 
tioii  of  urine,  the  primitive  kidney  (mesonephros)  or  Wolffian  body. 
Et  is  developed  earlier  in  those  cases  in  which  the  fundament  of  the 
prom -plii-os  is  from  the  beginning  only  rudimentary,  as  in  the  Sela- 
.•hians  and  Amniota  ;  it  appears  relatively  late,  on  the  contrary,  in 
those  Vertebrates  in  which  the  pronephros  attain^  to  a  t«  mporary 
functional  activity,  as  in  the  Amphibia  and  Tele 

The  mesonephro>  i.--  eMahlish,  d  on  the  portion  of  the  pronephric 
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duct  immediately  behind  the  pronephric  tubules.  The  duct  con- 
sequently serves  from  this  time  forward  as  an  outlet  for  the  newly 
formed  glandular  organ  also,  and  can  therefore  be  designated  as 
mesonephric  or  Wolffian  duct. 

When  it  is  stated  that  a  gland  is  developed  on  the  mesonephrio 


duct,  ono  at  first  thinks  that  lateral  buds  grow  out  from  its  wall  and 
give  forth  branches,  as  occurs  in  the  fundaments  of  glands  formed 
from  the  outer  or  the  inner  germ-layers.  Nothing  of  the  kind  takes 
place  here.  All  observers  —  with  the  exception  of  a  few  earlier 
^tigators—  agree  rather  that  the  glandular  tubules  of  the  meso- 
nephros  arise  independently  of  the  mesonephric  duct.  The  sou  ire 
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of  its  man  rial    i-  either  dinvtly  or  indirectly  f  In-  i-jiit  helium  of  the 
l.ody  cavity,    as    it     hB£    b  en    po>Mhle    to    prove    in    many   OftMfl 
( 'yclo>tt>m<  >,  Selachians,  Amphihia,  ami  Amni' 

There  are  forme,!,  following  one  another  in    imine  i 

short  fransverae  tubules  (fig.  •_''•-  *fi.  \\hich  an-  at  one  end  contiii 

with  the  epithelium  of   the  L,  !y  i-avity,  and  at  tlie  oilier  end,  which 
i"mainsfur  a  lu:iy  tim.>  c-lo-e  1,  are  joinei  to  t  he  m  •  une-.hric  diu-t  (• 


Tig.  203.—  Embryo  of  a  Dog  of  25  days,  straightened  out  and  seen  from  in  front,  after  B.scuorr. 

Magnified  5  diameters. 
(/,  Int«-.-iin:il  tube;  ds,  yolk-sac;  al,  allantois ;  nn,  mesonephros ;  7,  tlie  two  lobes  of  the  liver, 

with  the  lumen  of  the  vena  omphalomesenterica  between  them  ;  ve,  lie,  anti-rior  and  ixMterior 

extremities  ;  /,,  heart;  ///.  mouth  ;  <tu,  eye;  y,  olfactory  pit. 

which  runs  close  to  them,  but  somewhat  more  laterad.  The  mesone- 
phros elongates  from  before  backward  and  attains  a  great  length  on 
both  sides  of  the  mesentery,  for  it  reaches  back  from  the  n  pun  of 
the  liver  nearly  to  the  posterior  end  of  the  body-cavity  ;  it  acquin  s 
a  very  delicate,  regular  condition,  as  the  figure  of  an  embryo  Dog 
twenty-five  days  old  >lu»\vs  (fig.  203  un),  and  can  be  designated  as 
a  coinb-shnp>'d  gland,  composed  of  a  lateral  collecting  tube,  running 
lengthwise  of  the  body  at  a  little  distance  from  the  mesentery,  and, 
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attached  to  the  median  side  of  it,  short  transverse  branches,  which 
we  shall  designate  as  mesonephric  tubules. 

Whereas  there  can  no  longer  exist  any  doubt  about  the  origin  of 
the  mesonephric  tubules  from  the  middle  germ-layer,  the  statements 
concerning  the  method  of  their  formation  are  still  at  variance  with 
one  another.  In  accordance  with  the  fundamental  investigations 
of  SEMPER,  it  was  generally  believed  that  the  mesonephric  tubules 
either  were  evaginated  in  metameric  sequence  along  the  dorsal  wall 
of  the  body-cavity  out  of  its  epithelial  lining,  or  grew  forth  as 
originally  solid  buds,  as  glandular  sacs  do  from  the  outer  or  inner 
germ-layer. 

This  view,  according  to  the  more  recent  investigations  of  SEDGWICK, 
\\~I.IIIE,  and  RttCKERT  for  the  Selachians  and  the  three  higher  classes 
of  Vertebrates,  is  no  longer  adequate.  In  these  cases  the  development 
of  the  mesonephric  tubules  is  intimately  connected  with  that  of  the 
primitive  segments.  When  the  latter  begin  to  be  more  sharply 
separated  from  the  lateral  plates,  there  arises  at  the  place  of  con- 
>tiic-tion  a  narrow  stalk,  which  maintains  for  a  time  a  connection 
between  the  two  parts  (fig.  204  vb).  In  the  Selachians  it  possesses 
a  small  cavity,  which  unites  the  cavity  of  the  primitive  segments  it  h 
the  body-cavity.  In  the  Amniota  it  is  solid  (fig.  200).  Inasmuch  as 
the  successive  cords  (stalks)  are  here  closely  pressed  together,  they 
appear  like  a  continuous  cell-mass  interpolated  between  primitive 
segment  and  lateral  plate,  and  have  been  previously  mentioned  under 
the  name  of  the  middle  plate.  On  account  of  its  relation  to  the  meso- 
nephric tubules,  the  middle  plate  is  also  designated  as  mesonephric 
blastema.  The  mesonephric  duct,  split  off  from  the  outer  germ- 
layer,  is  to  be  seen  taking  its  way  on  the  lateral  side  of  and  close 
to  the  connecting  stalks  of  the  primitive  segments.  Each  of  the 
connecting  stalks,  which  RUCKERT  names  at  once  nephrotome, — in 
contradistinction  to  the  remaining  parts  of  the  primitive  segment, 
which  produce  the  muscle-plate  (myotome)  and  the  cell-material  for 
the  skeletogenous  tissue  (sclerotome), — is  afterwards  metamorphosed 
into  a  mc.snucpliric  tubule.  Whereas  one  of  its  ends  remains  con- 
n»vto<l  with  the  body-cavity,  the  other  becomes  separated  from  tin 
primitive  segment  (fig.  205  ukl),  then  applies  itself  closely  to  tin 
mesonephric  duct,  fuses  with  the  wall  of  the  latter,  and  opens  intoit. 
In  the  diagram  (fig.  205)  the  detachment  of  the  connecting  stalk 
from  the  primitive  segment  is  shown  on  the  right,  the  fusion  of  the 
detached  end  with  the  mesonephric  duct  on  the  left.  According  to 
wln.li-  |>ro«-^  of  d»'\vlo|inifiit  tin-  inr>Miii-jihri>s  i>  from  flu*  \«-ry 
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forim-d  ori/an.  M  ran  !>«•  h«-t  i'ollmvcd  in 
tin-  Si-larhians ;  for  rach  metonepbric  canal  is  developed  in  a  tingle 
Begment. 

In    U..'ili--.    IlinK  :ii!«l    M:iliiln:ils    tin-   coniurl  ini;    stalks    an>    solid 


Fig.  204. 


Pig.  205. 


Figs.  204  and  205  Diagrams  of  cross  sections  througl  a  younger  and  an  older  embryo  Selachian 
to  show  the  development  of  the  principal  products  of  the  middle  germ-layer.  After  W  .THE, 
with  some  alterations. 

Fig.  204.—  Cross  section  through  the  region  of  the  pronephros  of  an  embryo  in  which  the  muscle- 
segments  (mp)  are  in  process  of  being  constricted  off. 

Fig.  205.—  Cross  section  through  a  somewhat  older  embryo,  in  which  the  muscle-segments  have 
just  been  constricted  off. 

nr,  Neural  tube  ;  rA,  chorda  ;  ao,  aorta  ;  tch,  subnotochordal  rod  ;  mp,  muscle-plate  of  the 
primitive  segment  ;  ?r,  zone  of  growth  where  the  muscle-plate  bends  around  into  the  • 
plate  (<•;»)  ;  vb,  the  connecting  piece  whicli  unites  the  primitive  segment  to  the  walls  of  the 
body-cavity,  ami  from  which  are  developed,  among  other  things,  the  mesonephric  tubules 
(fig.  205  uk)  ;  sic,  skeletogenous  tissue,  which  arises  by  a  proliferation  of  the  median  wall 
of  the  connecting  piece  vb  ;  r»,  pronephros  ;  mk\  ink*,  parietal  and  visceral  middle  layer, 
out  of  which  mesenchyma  is  developed  ;   Ik,  body-cavity  ;  ik,  entoblast  ;  h,  cavity  of  the 
primitive  segment  ;  uk,  mesonephric  tubules,  which  have  arisen  from  the  connecting  piece 
t-6  of  the  diagram  fig.  '204  ;  uk1,  the  place  where  the  mesonephric  tubule  has  been  det 
from  the  primitive  segment  ;  up,  mesonephric  duct,  with  which,  on  the  left  side  of  tho 
figure,  the  mesonephrir  tulmle  has  united  ;  t,-,  union  of  the  mesonephric  tubule  with  the 
body-cavity  (nephridial  funnel);  ;,«;«',  met*,  mesenchyma  that  has  arisen  from  the  ]> 
and  visceral  middle  layers. 


of  cells  (mesonephric  cords).  It  is  only  when  tlu-y  have  de- 
taclu-d  tlit-iiix-lv.  s  from  tin-  pi-iinitive  segment,  and  their  blind  ends 
have  united  with  the  mesonephric  duct,  that  they  acquire  a  small 
cavity  (fig.  202  st).  Now  they  also  become  more  readily  distin- 
as  srparato  canals,  since  tln-y  hi'cdine  farther  removed  from 
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one  another  and  are  marked  off  from  the  surrounding  tissue  by 
sharper  contours. 

Although  it  is  often  stated  that  in  the  Amniota  the  mesonephric  tubules 
"  are  differentiated  out  of"  the  middle  plate  or  the  mesonephric  blastema,  it  is 
nevertheless  to  be  observed  that  this  is  not  a  case  of  new  formation  out  of 
undifferentiated  cell-material.  The  so-called  middle  plate  at  the  time  of  its 
origin,  in  the  manner  previously  described,  is  at  once  separated  into  segmentally 
arranged  cords,  which  are  afterwards  metamorphosed  into  the  mesonephric 
tubules.  The  differentiation  out  of  a  blastema  is  therefore  here,  as  in  most 
cases,  to  be  conceived  of  as  an  increase  in  the  distinctness  of  already  esta- 
blished structures,  which  constitute  a  cell-mass  that  appears  undifferentiated, 
but  only  on  account  of  our  limited  means  of  discrimination. 

In  the  Amphibia,  Teleosts,  and  Ganoids  the  origin  of  the  mesonephros 
deserves  to  be  subjected  to  renewed  investigation  from  the  recently  acquired 
points  of  view. 

Soon  after  their  union  with  the  mesonephric  duct  the  individual 
mesonephric  tubules  begin  to  grow  somewhat  in  length,  to  take  on 
S-shaped  curves,  and  to  be  differentiated  into  three  regions.  The 
middle  region  undergoes  a  vesic^ar  enlargement  and  is  converted 
into  a  BOWMAN'S  capsule.  Individual  transverse  branches  from  the 
primitive  aortse,  which  pass  along  close  to  the  mesonephros,  make 
their  way  to  the  capsules,  and  are  there  resolved  into  a  tuft  of 
capillaries.  The  knot  of  blood-vessels,  or  glomerulus,  now  grows 
into  the  epithelial  vesicle,  the  median  wall  of  which  is  pushed  before 
it  and  invaginated  into  the  interior.  During  this  process  the 
«  I»ithelial  cells  of  the  invaginated  part  of  the  wall  become  greatly 
flattened,  whereas  upon  the  opposite  uninvaginated  side  they  re- 
main tall  and  cuboidal.  Such  a  structure,  consisting  of  a  vascular 
glomerulus  and  the  enveloping  BOWMAN'S  capsule,  is  called  a  Mnl- 
pighian  corpuscle,  an  organ  that  is  exceedingly  characteristic  of  the 
primitive  kidney  (mesonephros)  and  the  permanent  kidney  (meta- 
nephros)  of  Vertebrates. 

In  addition  to  the  enlarged  middle  part,  there  is  to  be  distinguished 
on  each  mesonephric  tubule  a  narrow  connecting  portion,  which 
continues  to  increase  in  length,  running  to  the  mesonephric  duct,  anil, 
secondly,  a  short  portion  connecting  with  the  body-cavity.  The  latter 
is  metamorphosed  in  different  ways  in  the  separate  classes  of  Verte 
brates.  In  some,  as  in  many  of  the  Selachians,  it  retains  its  original 
connection  with  the  body-cavity  even  in  the  adult  animals ;  it  begins 
At  the  peritoneum  with  an  opening,  surrounded  with  ciliate  cells, 
which  was  discovered  by  SEMPER  and  has  been  designated  nephrifH»t 
'hrostome,  and  which  in  many  respects  recalls  the 
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similar  structure  >  oi  the  e.vn-iMi-v  <  Lrment«-d  Worms.       In 

the  most  of  the  Vertebrate.-,  however,  special  m-j»liri.li;il   funnel-   an- 
no Ion-    i   -1  A  eloped,  inasmuch  a-  (he  in-  >onephric  tulniles  soon  after 
I  heir  origin  completely  detach  themselvo  I'mm  the  epithelium  of  tin- 
i  odv  cavitv  a>  well  a-    tV«»in   the  primit  i\  <• 
L6nt8    and  therehv  IM-C  nil   relation   to 
(lie  body  cavity. 

A  mesonephros  in  the  simple  form  in 
\vhicli  it  i>  at  tii->!  jinulncr«l  develop- 
inentalls  i>  retained  }iermanently  only 
in  Jldello-toina.  a  rej>re-entat  ive  of  the 
( 'yelo>tomes.  It  here  i'ini.si^t>,  as  Jo- 
IIANNKS  Ml' 1. 1. Kit  h:^  >ll<>\\  11,  of  Ull  eloll- 

gated   canal   (fig.    206  A   and  B  a)  and 

short  tran-ver>e  tnhides  (f>),  which  open 
into  it  at  short  intervals.  The  latter  are 
no  longer  connected  with  the  body-cavity 
l»y  mean>  of  a  nephridial  funnel,  but  they 
enclose  a  vascular  ^lomcrulus  at  their 
l)lind  end  (fig.  206  B  c),  which  is  some- 
what set  off  by  a  constriction. 

In  all  remaining  AVrtehrates  the  meso- 
nephros  i-  metamorphosed  into  a  more 
voluminous  and  more  complicated  orpin. 
I -'or  the  originally  short  tubules,  which 
run  traiisveiM-ly  into  the  mesonephric 
duct,  begin  to  grow  in  length,  and  at  the 
same  time  to  be  thrown  into  nuiiienni- 
folds  (fi<:.  L'07  *.(').  Moreover  there  are 
formed  mesonephric  tubules  of  a  second 
and  third  order.  These  again  are  also 
formed  independently  of  the  mesonephric 
duct  dorsal  to  the  lirst -formed  transverse 
tuhules;  their  blind  ends  approach  the 
primary  urinary  tubule  and  join  its  ter- 
minal part,  which  i-  thereby  converted 

into  a  collecting  tube.      At   the  same  time  a   .Malpighian  body  is 
loimed  on  each  of  tl,.  m  I 

still  more  exhaustive  h.\  s  concerning  the  formation  of  the  second 

:iry  and  tertiary  inoui,.  i-liric  tubules,  especially  for  the  higher  Vertebrates. 
•pjx  ai  to  me  to  be  desiiabU-.     In  the  Sel;!  the  statements 


Fig.  206.— Parts  of  the  mesone- 

phros    of    Myxine.    nf 

Mri.i  i  i:. 
a,  Mesonephric  duct ;  6,  mesone- 

HHH  tuhules;  c, glomeriilus ; 

<^,  afferent  artery  ;  e,  t •!' 

artery. 

it  of  A  more  highly  mag- 
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of  BALFOUB,  which  are  also  confirmed  by  others,  the  epithelium  of  the 
already  existing  Malpighian  glomeruli  is  the  starting-point  of  a  proliferation. 
Cell-buds  grow  out  from  the  latter  and  toward  the  urinary  tubules  lying  in 
front  of  them,  with  which  their  blind  ends  fuse.  After  this  union  has  been 
effected  they  detach  their  other  ends  from  the  parent-tissue. 

Through  the  development  of  compound  urinary  tubules,  each 
of  the  branches  of  which  is  provided  with  a  Malpighian  corpuscle, 
the  primitive  kidney  (mesonephros)  acquires  a  complicated  structure. 
But  this  is  not  uniform  in  all  its  parts;  ordinarily  the  condition 
realised  in  the  most  of  the  Vertebrates  is  this :  the  anterior  part, 
which  afterwards  enters  into  relation  with  the  sexual  glands, 
retains  simple  tubules,  and  only  the  posterior  part  passes  into  a 
more  complicated  form  by  the  production  of  secondary  and  tertiary 
fundaments. 

The   more   the   mesonephros,   with   its  tortuous  tubules   and  its 


Tig.  207. — Diagram  of  the  original  condition  of  the  kidney  in  an  embryo  Selachian,  after  BALFOUR. 

i-i,  Meaonephric  duct,  which  opeus  into  the  body-cavity  at  o,  and  into  the  cloaca  at  the  other 
end  ;  x,  line  along  which  the  Miilierian  duct  (lying  below  in  the  diagram)  is  divided  off  from 
the  mesouephric  (Wolffian)  duct;  «.«,  mesonephric  (segmental)  tubules,  which  on  the  one 
hand  open  into  the  body-cavity,  on  the  other  into  the  mesonephric  duct. 

further  differentiation,  increases  in  volume,  the  more  it  bf«omes 
delimited  from  its  surroundings  and  emerges  from  the  wall  of 
the  body  into  the  body-cavity  as  a  distinctly  differentiated  organ, 
where  it  forms  a  protruding  band  on  either  side  of  the  mesentery 
(fig.  210  WK). 

On  a  cross  section  one  can  recognise  in  the  human  embryo  also 
(NAGEL)  two  distinctly  separated  regions  on  each  urinary  tubule — (1) 
;i  larger  one,  which  begins  with  the  BOWMAN'S  capsule  and  is  linc.l 
with  large  epithelial  cells  containing  abundant  protoplasm,  and  (2) 
a  narrower  region  with  small  cubical  elements.  The  latter  is  the 
collecting  tube,  which  unites  with  other  collecting  tubes  before  it 
opens  into  the  mesonephric  duct ;  on  the  other  hand,  probably  the 
former  region  alone  has  the  secretory  function,  as  also  it  is  best 
developed  at  the  time  of  the  greatest  prominence  of  the  Wolffian 
body.  The  Malpighian  glomeruli,  likewise,  attain  at  this  time  in 
human  embryos  a  remarkable  size  (NAGEL). 


.  n:  I  in:    MiiMiu:   «.U:M    \.\\  u:. 

The  further  fate  of  the  piimiti\e  kidney  i-  very  different  in  the 
M-ji.-i!  BBOf  \'er<  lii  the  Aii;imni;i.  /.»•.,  in  r'Mie<  Mini 

Amphibia,  it   becomes  the  permanent    urinary   organ,  through  which 
'ions  nt'  the  body  are  eliminated  ;  hut  b^ide-  that,  it  also 
acquires   iclatious   ID    tin-   >cxual   apparatus  UJH.M  wliich,   however,  I 
shall  not  mlrr  until  later.        In   I'.irds  and  Mammals,  mi  t  he  contrary, 

iln-  primitive-  kiilney  is  functional  onl\  a  >ln-rt  time  during  embryonic 

lit'e  ;  soon   after  its  e-tahii>hmcnt    it    undergoes   profound   regr« 
changes,  and  at  laM   is   preserved  only  in    part,  in   ><>   far  as  it  enteiCl 
into  the  >er\ ice  of  the  sexual  appiratus.  and,  a->  we  >liall  likewise  see 
later,  participates  in  conducting  away  th--  sexual  pn-dn 

(c)  The  Kidney.     (Metanephros.) 

Tho  secretion  of  urine  is  assumed  in  the  higher  Vertel»rates  by 
a  third  inland,  which  is  established  at  the  posterior  end  cf  the  meso- 
uephric  duct — the  permanent ; /. •/'////'//.  The  method  of  its  formation, 
M -lii.-h  apj >ears  to  differ  at  lirsfc  from  that  of  the  mesonephros,  presents 
u'reat.  obstacles  to  its  investigation.  It  i>  must  accuratelv  known 
from  studies  on  the  development  of  the  Chick  through  the  works  of 
S'EDGWICK.  At  the  beginning  of  the  third  day  of  incubation  m  the 
<  'hick  there  grows  out  of  the  [posterior]  end  ot  the  moonephric  duct, 
from  its  dorsal  wall,  an  evaluation — the  wn-fiiri/  >f»ct  <>/  t/n-  /,  / 
<>r  ",'eter. 

There  are  two  conflicting  views  relative  to  its  connection  with  the 
development  of  the  kidney.  According  to  the  older  view,  which  is 
still  shared  by  many,  the  kidney  is  formed  from  the  ureter  in  the 
manner  of  an  ordinary  glandular  growth.  It  is  maintained  that 
evagination>  take  place  which  give  rise  to  other  ovaginations,  and 
thus  produce  the  whole  parenchyma  of  the  kidney.  According  to  the 
second  view,  which  has  been  formulated  especially  by  the  more  recent 
ombryologists, — by  SEMPER,  BRAUN,  FUI:I:I:IM;I:!J.  SI:H.;WICK,  and 
]».\i.FOUR, — the  permanent  kidney  is,  on  the  contrary,  developed  out 
of  two  different  fundaments,  which  come  into  relation  with  each  other 
only  secondarily:  the  medullary  substance  \\ith  its  collect  ing  tubules 
out  of  the  ureter,  the  cortical  substance  with  the  tortuous  tubules 
and  the  loops  of  HENLE,  on  the  other  hand,  out  of  a  special  fundament. 
According  to  this  view  there  would  be  an  agreement  between  the 
development  of  the  kidney  and  primitive  kidney,  in  as  far  as  in  the 
latter  the  mesonephric  duct  and  the  mcsonephric  tubules  also  arise 
separately,  and  only  secondarily  enter  into  relation  with  each  other 
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by  means  of  fusion.  The  agreement  here  indicated  is  a  not  unim- 
portant ground  for  my  giving  preference  to  the  second  rather  than 
the  first  view. 

As  far  as  regards  the  details  of  the  conditions,  they  are  in  the 
Chick — according  to  the  investigations  of  SEDGWICK,  which  BALFOUE 
has  confirmed — as  follows  :  the  ureter,  which  has  arisen  by  an  evagi- 
nation  from  the  end  of  the  mesonephric  duct,  grows  into  that  part  of 
the  middle  plate  which  is  located  at  the  end  of  the  Wolffian  body  in  the 
region  of  the  thirty-first  to  the  thirty-fourth  primitive  segment.  The 
fundament,  however,  is  not  at  once  and  at  this  place  converted  into 
a  kidney,  but  first  undergoes,  after  the  ureter  has  penetrated  into  it,  a 

very  considerable  change  in  position;  to- 
gether with  the  ureter  it  grows  forward 
on  the  dorsal  side  of  the  mesonephric 
duct  farther;  it  meanwhile  gradually 
enlarges,  and  begins  to  show  internal 
differentiation  only  when  it  has  come 
into  this  new  position.  One  then  sees 
that  tortuous  tubules  become  more  and 
more  distinct  in  the  small-celled  mass 
and  that  in  their  walls  Malpighian  cor- 
puscles are  established.  One  finds,  in 
addition,  that  there  are  evaginated 
from  the  end  of  the  ureter  separate 
sacs,  which  grow  out  into  collecting 
tubes,  and  probably  later  —  certainty 
in  regard  to  this  has  not  yet  been 
Mished — join  the  tortuous  tublues  which  have  arisen  in  the 
cortical  portion  of  the  kidney. 

This  voluminous  organ,  which  has  soon  outstripped  the  mesonephros 
in  size,  is  originally  composed  of  individual  lobes  separated  by  deep- 
furrows  (fig.  208).  The  lobation  is  retained  permanently  in  Reptil.  s, 
Birds,  and  some  of  the  Mammals  (Cetacea).  In  most  Mammals, 
however,  it  disappears,  in  Man  soon  after  birth.  The  surface  of  the 
kidney  acquires  an  entirely  smooth  condition;  the  internal  structure 
(Malpighian  pyramids)  alone  points  to  its  composition  out  of  indi- 
vidual j>ortions,  originally  also  separated  externally. 

For  the  sake  of  clearness  the  development  of  the  three  regions, 

pro-,  meso-,  and  m< -tain  phros,  has  been  treated  as  a  whole  up  to  this 

t .     Consequently  there  have  been  left  out  of  consideration  for 

the  '.!ni'   l>eing  other  processes  which  are  taking  place  in  the  vicinity 
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Fig.  203.— Kidney  and  suprarenal 
body  of  a  human  embryo  at  the 
end  of  pregnancy. 

•a,  suprarenal  body;  n,  kidney; 
I,  lobes  of  the  kidney  ;  hi,  ureter. 
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of  tin*  fundament  of  tin-   IIM-,  >i,ephro>  at    tin-  -aim-  time.      The>e  ha\e 
to  d<>  with  the  evolution  of  the  Miillerian  duct  and  the  seximl  Ofg 

(-/)  '/'//.•  K&Uerian  Duct. 

Tin-  Mullerian  duct   is  a  canal  which  i>  found  lying  at   lir>t   |  arallel 
and  close  to  the  me>onephric  duct  in  the  eml.rvov  <>f  im»t  Vertebrates 

(Selachians,  Amphi I'ii.  Keptiles.  Uinls,  Mammals).     It  i- a  canal  tliat 

i>  established  in  l.oth  sexes  in  tin-  saim- 
manner,  hut  subsequently  aojuiivs  in  each 
a  dillerent  t'unction.  It  takes  its  origin 
in  the  lower  Vertel.rates  J'roin  the  meson.- 
phric  duct,  as  can  be  most  easily  followed 
in  the  Selachians  (SKMi'ER,  BALFOUR, 
1 1  n  i  •  i  •  M  A  x  N).  In  this  case  the  mesonephric 
duct  hic-oiiu-s  enlarnred.  acquires  in 
s«vti<>n  (liir.  -09  4)  an  oval  form,  and  pre- 
Benta  a  dilli-rent  condition  in  its  dor>al 
(sd)  and  ventral  (od)  halves,  the  latter 
being  at  the  same  time  in  immediate  con- 
tact with  the  jK'iiton  -al  epit  helium.  The 
nie>one]>hric  tubules  open  into  thedoi>al 
hair',  while  vc-ntrally  the  wall  is  consider- 
ably thickened.  Tlien  a  >eparation  of  the 
two  pails  takes  place,  which  begins  at  a 
little  di>t;,nce  from  the  anterior  ,  nd 
sections  3-1)  and  proceeds  back \\ai-d  to 
tlie  point  of  opening  into  the  hind  gut. 
Of  the  parts  which  ivsult  iVoi-i  tin-  !i>-i«>n. 
that  which  lies  dtwsally  's  the  permanent 
mesonephrio  dud  (/'•'/);  it  exhibits  at  th-M 

a  broad  lumen  and  receiv.  s  the  urinary 
tubuhs  (tig.  *2u7  .s7>.  \'  en  t  rally,  between  it  and  the  epithelium  of 
the  body-cavity,  lio  the  Miill.-rian  duct  dig.  L'nl)  od  and  iig.  \ 
which  is  at  first  only  a  narrow  passage,  but  later  a  much  enlarged 
one.  In  the  process  of  lission  the  anterior  initial  part  of  the  primary 
canal  (fig.  207  pd),  which  was  described  at  p.  •'>'>•'<  a-  pron.-phros  liUl{ 
which  opens  into  the  body-cavity  by  means  of  a  ciliate  funnel  (o), 
becomes  a  part  of  the  latter  duct,  and  the  ciliate  funnel  becomes  the 
ostiuin  abdominale  tubae. 

Also  in  the  case  of  the  Amphibia  the  Mulleriuu  duct  is  developed  by  being 
split  off  (FCRBRINGER,  Hon  M  ANN  i  t  mm  the  mesonephric  duct,  with  the  excep- 

24 


Fig.  209.  —  Four  cro»s  sections 
through  the  anterior  region 
of  the  mesonephric  duct  of  a 
female  embryo  of  Scylliun 
canicula,  after  l>\ 

The  figure  shon-H  how  tl 

l.Tian  iluet  (ot?)  is  split  off 
from  tin-  iiieauiH'iilme  duct 
(sd  an-: 
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tiun  of  the  anterior  end,  which  bears  the  orifices  leading  into  the  body-cavity 
A  small  territory  of  the  epithelium  oE  the  body-cavity  immediately  adjacent  to 
the  pronephros  serves  for  the  construction  of  this  portion.  The  epithelium 
becomes  thickened,  owing  to  the  fact  that  its  cells  take  on  a  cylindrical  shape  ; 
it  sinks  in  to  constitute  a  groove,  and  then  becomes  constricted  off  from  the 
surrounding  tissue  in  the  form  of  a  short  funnel,  which  in  front  remains  in 
connection  with  the  body-cavity  by  means  of  a  broad  opening,  but  posteriorly 
becomes  continuous  with  the  part  of  the  Mullerian  duct  that  is  produced  by 
fission.  The  pronephric  tubules  and  the  glomerulus  degenerate. 

The  fission  of  the  single  mesonephric  duct  into  two  canals  lying 
close  together  is  a  peculiar  process,  which  is  intelligible  only  upon 
the  assumption  that  the  mesonephric  duct  has  possessed  a  double 
function.  Probably  it  originally  served  as  an  outlet  for  the  si 
tions  of  the  mesonephric  tubules,  and  also  by  means  of  its  pronephric 
funnel  took  up  out  of  the  body-cavity  the  sexual  products  (eggs  or 
seminal  filaments)  eliminated  into  it  at  their  maturity,  and  con- 
ducted them  to  the  outside.  Similar  conditions  are  often  observed 
in  Invertebrates,  e.g.,  in  various  divisions  of  the  Worms,  in  which 
also  the  segmental  canals,  which  break  through  the  body-wall, 
transmit  to  the  outside  both  secretions  from  the  body  and  sexual 
products.  In  Vertebrates  each  of  the  two  functions  is  assigned  to  a 
-pi-cial  canal,  one  of  which  loses  its  communication  with  the  body- 
cavity,  but  remains  in  connection  with  the  transverse  mesonephric 
tubules,  while  the  other  retains  as  its  part  the  ciliate  funnel  of  the 
pronephros,  and  thus  is  adapted  to  conducting  away  the  sexual  pro- 
ducts (eggs). 

In  Reptiles,  Birds,  and  Mammals  the  manner  of  the  development 
of  the  Mullerian  duct  is  still  a  subject  of  scientific  controversy. 
Most  observers  (WALDEYER,  BRAUN,  GASSER,  JANOSIK,  and  others) 
state  that  at  no  time  was  a  process  of  fission  observed.  According 
to  their  representation  the  Mullerian  duct  arises  in  Birds  and 
Mammals  quite  independently  as  a  new  structure,  at  a  time  when  tin- 
mesonephros  is  already  well  developed  and  has  the  form  of  a  band 
like  body  (the  mesonephric  fold)  projecting  into  the  body-caviiy 
(fig.  210).  One  then  sees  on  the  lateral  face  of  the  anterior  region  of 
i  his  body  that  the  epithelium  of  the  body-cavity  over  a  limited  area 
(a')  is  thickened  in  a  remarkable  manner  and  composed  of  cylindrical 
•  •••IK  whereas  elsewhere  the  cells  are  flattened.  The  thicki-n«-d 
portion  of  the  epithelium  sinks  down  in  tin-  form  of  a  funnel  and 
appli-  ii-.'lf  closely  to  the  mesonephric  duct  (y),  which  is  near  at 
hand.  The  blind  end  of  the  funnel  grows  from  this  point  backwards 
"iitlwtly,  tally  asserted,  by  means  of  the  proliferation 
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of  its  own  c.-lls.  and  givefl  ri-e  to  a  -olid  ci.nl.  uhich  lies  direct Iv 
betw.en  the  IHCM  .iiephric  d  net  and  the  peritoneal  ej.ii  h«  limn,  which 
is  here  somewhat  thickened.  Tlie  funnel  product  d  by  the  invagina- 
tion  now  becomes  the  oetium  abdominale  tube,  but  tin- .-olid  cord  of 

cells,   which   is  soon    hollow,  d  out    and    finally  opens   behind    into  the 
eleaca.     b«  cuines     t  he 
Miillerian    duct. 

It'  the  repreM-nta- 
tion  just  given  is  t -or- 
n  ct  in  all  particulars, 
the  Miillerian  ducts 
in  the  Anamnia  and 
the  Amniota,  al- 
though possessing 
the  same  location, 
form,  and  function, 
would  still  be  non- 
homologous  organs, 
because  their  develop- 
ment is  dim-rent. 
For  the  one  is  split 
off  from  the  meso- 
nephric  duct,  the 
other  is  formed  in- 
dependently by  a 

new  invaginatioil  of  Fig.  210.— Cross  section  through  the  mesonephros,  the  funda- 
tli,.  P™rV»pli'iir  ment  of  the  Miillerian  duct,  and  the  sexual  gland  of  a 

Chick  of  the  fourth  day.  |  ru.     Ma-nitied  ir,u 

Such  a  surprising  diameter*. 

If        ar»r»oo     •         +r         m,  Mesentery  ;  Z,  somatojilru:  •  the  jjenuiiuil 

..nitlifliuin    fn.iu    which  th,-   Miillt-rhin  duct(:>  lias  been 


invaginated  ;  ».  tlii.  k--m-"l  ]>.ut  ..f  tht-  j:i-nnin:il  c]iithi'liuin. 
in  which  tlie  primm  v  st-xniil  o-ll-i,  r'ainl  »,  lii- ;  E,  modi- 
tied  nieat-ncliynie  out  of  which  the  .-tr<'in;i  of  the  sexual 
gland  is  formc<l  ;  }\'K,  UR-MUH  |  "iiephric  duct 


us,  however,  upon 
grounds  of  compara- 
tive anatomy,  to  be 
very  improbable,  and 

therefore  the  attempt  made  by  some  inv« -Migators  to  reft  r  back 
the  conditions  found  in  the  Amniota  to  such  afl  exi^t  in  the 
Ai.amnia  deserves  every  attention.  This  would  be  possible  if 
the  statements  of  BALFOUR  AND  Srn«.\\nK.  which  have  however 
been  called  in  question  by  others  (JANOSIK),  should  be  confirmed. 
A>  we  have  previously  seen,  there  are  two  different  regions  to 
bii  distinguished  on  the  Miillerian  duct — an  anterior,  which  is 
the  degenerated  pronephro-  and  bean  the  orifice  of  the  tuba. 
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anil  a  posterior,  which  is  formed  by  being  split  off  from  the 
mesonephiic  duct.  Such  a  double  origin  BALFOUR  AND  SEDGWICK 
endeavor  to  establish  for  the  Miillerian  duct  in  the  Chick  also. 
The  part  produced  by  imagination  of  the  peritoneum  (fig.  210  z) 
they  interpret  as  pronephrcs.  A  similarity  with  the  latter  they  find 
in  the  fact  that  this  part  does  not,  according  to  their  investigations, 
consist  of  a  single  imagination  of  the  peritoneal  epithelium,  but  of 
three  open  imaginations  lying  one  behind  the  other,  which  are 
joined  together  by  ridge- like  epithelial  thickenings  which  after- 
wards become  hollow  (fig.  211  gr  2,  gr  3,  r  2).  From  this  ridge  is 
formed  a  slightly  curvrd.  short  duct,  which  communicates  with  the 
body-cavity  through  three  openings. 

If  this  explanation  is  right,  the  most  anterior  fundament  of  the 


Fig.  211.—  Cross  sections  through  two  peritoneal  invaginations  out  of  which  is  formed  the 
anterior  region  of  the  Miillerian  duct  (the  pronephros)  of  the  Chick,  after  BA.LFOUK  AND 
SEIX  .  i 

A  is  the  llth,  B  the  15th,  C  the  ISth  section  of  the  whole  series. 

grt,  3,  Second  anil  third  furrows ;  t'2,  second  ridge  ;  ir<(.  Wolffian  duct. 

•excretory  system  of  the  Chick,  which  was  described  on  page  356  as 
pronephros,  must  have  undergone  p  change  in  position,  and,  with  the 
appearance  of  the  Wolffian  body,  have  slipped  backward  somewhat 
along  this  organ.  As  long  as  this  alteration  of  position  is  not 
demonstrated  by  the  study  of  intermediate  stages,  the  interpretation, 
however  probable  it  may  seem  to  us,  still  lacks  actual  proof. 

As  far  as  regards  the  posterior,  longer  region  of  the  Miillerian 
duct.  K  maintains  that  it  arises  by  being  split  off  from  the 

mesonephric  duct.  One  always  finds,  according  to  his  researches, 
tin-  |iriitit»|ihrk>  part  of  the  Miillerinn  duct  in  union  at  its  posterior 
end  with  tin-  \«ntral  wall  of  the  meson*  phrir  duct.  He  maintains 
that  it  Ls  enlarged  at  the  expense  of  the  latt«  r  in  somewhat  the  same 
manner  its  the  mesonephiic  duct  grows  from  in  front  backwards  by 
a  proliferation  of  th-  out,  r  germ-layer.  The  cross  sections  A  and  B 
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of    figure    I'll*    exhibit     tlii-   rondition.       Fii'im-    //'    ftbowi    i  IM- 
\vhere    the    ventral    \\all   «»t'   the    me.-onephric  iiiekeried    ini,, 

a  ridge  (at'/)  by  an  increase  of  the  epithelial  cells;  upon  a  cross 
-••ft  ion  (.1)  M.ade  farther  forward  tin-  thickened  j-art  has  become 
d.Marhrd  BA  a  o  ml 

««/•/),     wliicli    -ul 
(jurntly  becomes  -till 

inorr  isi.latr.l  and  ac- 

'jiiii'f-  a  cavity  «>t    its 

i>\vn.      Tin-  mi:«lition 

i-y    clf;irly 

t  lie     a  ]•  pea  ra  lice- 
\vliirh    tin- 


tit  nis  tliroii^h  embryo 
•liians   (fig.    -_'()9) 

Fig.  212.—  Two  sections  to  show  the  union  of  the  solid  terminal 
A,OCOTding     to     the  part  of  the  Mullerian  duct  with  the  me«,nephric  duct  in 

the  Chick,  sj  it  AXD  SEIX;U 

ObserV&tiODS  of  SKDG-         In  A  tin-  tcnniiril    i..u:  •    is  8till   ijuiU;  iliMiiu-tlv 

WICK,  therefore,  the 

anterior   end    of  the 

Miillcrian  dnct  would 

lie   drrived  t'roin  the  jn-inn-j»lir(»,  hut    the  po-terior  en«l  hy  a  splitting 

off  of    cells   t'roin    the    uii-x'iM-plirii-   duct.      Thus   an   a^neinent    with 

the  n»iiditi"ns  in  the  n<»n-.Miinioi  :«•  Vrrti-hratc-  \\.»uM   he  estahlished. 


Fig.  213.  — Cross  sections  through  the  Wolffian  and  Miillerian  ducts  of  two  human  embryos,  after 
N  it 

A    \  tVni.il'-  rinlir\  •  .!  D  n.. 
B,  A  male  embryo  '1.  inni.  \»\\£. 
H'.y.,  W.ilttian  <hu-t  ;   .M.-.i..  <-n.l  ..f  tin-  Mn!'-  lit 

It  still  deserves  to  be  especially  inentiom-d  that  in  human  einhi-\d- 
also  the  Miillerian  dud-  (fig.  213  .!  and  I>  M.g.)  during  their 
development  have  their  po-ierioj-  ,-nd-  t'n-.  <1  for  a  short  di.-t.-mce  with 
the  nu'-onephrie  duct  <  II ".;/.>.  XA«;KI..  to  \\hom  \v«-  are  in-lehted  t'.ir 
this  line  observation,  e.xpiv— ••-  him-ell'.  it  i-  t  r  .  splitting 
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off;  however,  the  similarity  with  the  conditions  found  in  the  Chick 
and  the  non-amniotie  Vertebrates  is  not  to  be  denied,  and  has  indeed 
been  «'ui|>lia>i>''<l  by  XAGEL. 

(e)  The  Germinal  Epithelium. 

In  Vertebrates,  at  the  time  when  the  Miillerian  duct  is  established, 
the  first  traces  of  the  sexual  glands  are  also  to  be  recognised.  The 
j.-.n-nt-t issue  of  these  is  likewise  the  epithelium  of  the  body-cavity. 
Thi>  acquires  tor  example  in  the  Chick,  which  is  to  serve  as  the 
foundation  for  our  description — a  different  appearance  in  the  various 
regions  of  tin-  body -cavity  (iig.  210).  In  most  places  the  epithelia  be- 
come extraordinarily  flattened  and  assume  the  condition  of  the  perma- 
nent "  endothelium."  Also  on  the  mesonephros,  which  projects  into  the 
body-cavity  as  a  thick,  vascular  fold,  the  epithelium  is  for  the  mcst 
part  greatly  flattened,  but  retains  its  original  condition  (1)  on  its 
lateral  surface  along  a  tract  (a)  from  which,  as  we  have  previously 
seen,  the  Miillerian  duct  is  formed,  and  (2)  along  a  tract  (a)  which 
M retches  from  in  front  backward  along  the  median  side  of  the 
mesonephros  ;  the  signification  of  the  latter  has  been  correctly 
•  •miniated  by  BORMIAUPT  and  by  WALDEYER,  who  have  characterised 
it  as  germinal  epithelium.  From  it  are  derived  the  germ-cells :  in  the 
female  the  primitive  ova,  in  the  male  the  primitive  seminal  cells.  It  Ls 
only  in  the  very  earliest  stages  that  it  is  impossible  to  distinguish 
\\  IK"  her  the  germinal  epithelium  will  be  developed  into  testisor  ovary. 
hitVerences  soon  appear,  which  allow  a  positive  determination.  We 
shall  take  up  first  the  development  of  the  ovary,  then  that  of  the 
tostk 

(/)  The  Ovary. 

The  development  of  the  ovary  is  tolerably  well  known  both  in  the 
lower  and  the  higher  Vertebrates,  except  for  a  few  controversial  points. 
I  can  therefore  limit  myself  simply  to  the  presentation  of  the  results 
which  have  been  acquired  in  the  case  of  the  Chick  and  Mammals. 

At  about  the  fifth  day  of  incubation  the  germinal  epithelium  in 
tin-  ('hick  increases  a  good  deal  in  thickness,  becoming  two  to  three 
l.iv.-rs  of  cells  deep.  Certain  elements  in  this  thickening  are  promi- 
nent ;  they  are  distinguishable  (fig.  210  C  and  o)  by  their  richness 
in  pn.t..pla>m  and  by  their  large  round  nuclei.  Because  they  stand 
in  the  closest  relation  to  the  development  of  eggs,  they  have  been 
.mated  as  primitive  eggs  by  WALDEYER,  who  was  the  first  to 
Kttuly  them  in  detail. 
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Fig.  214.— Cross  Motion  through  the  ovary  of  a 
Rabbit  5  days  old,  after  BAI.KOUR.  Highly 
magnified. 

k.e,  Germinal  epithelium  ;  u.ei,  primitive  (or 
primordial)  ova  ;  ei.b,  egg-nests  ;  bi,  connec- 
tive tissue. 


M 


I'.enrath  the  germinal  epithelium  there  i>  to  In-  found,  e\i-n  .it  that 
time,  embryonic    Coliliecti\e    ti->ue   \\itli    strllate   e.-lUlA'),   \\Jilcli    an- 
in    an    active    Mate   of    proliferation.       In    tlii.s    way    there 
the    median    >ide  of    the  uiesonephros  the  ovarian   ridire,   \\hich   i> 
•ated  from  tin-  urinary  tuhule>  l»y  agnail  quantity  of  <-iiil>r\  nnir 
Mil)>taiice. 

similar  to  those  of  the  Chick  occur  in   Man.mak   with 
this   «litV»'ivnrr.   that   the  ger- 
minal   i -pit helium  appears  to 
attain  a  much  greater  thick 
DM* 

In    olili-i  -t'   (IrNclop- 

iiM-nt  tin-  Ixmiuliiries  between 
the  germinal  epithelium,  which 
is  in  process  of  rapid  prolife- 
ration and  therefore  exhibits 
numerous  liiruivs  of  nuclear 
division,  and  the  underlying 
connective  tissue  become  less 
and  h«ss  distinct.  This  ivsult> 
from  the  simple  fact  that  a 
process  of  mutual  iny/-<m •/// 
now  occurs  between  the  ej>it/<>- 
l/ii Hi  it/nf  the  embryonic  con- 
•>'  tissue  (fig.  214).  I 
purpo>rly  >ay  a  proc« 
mutual  ingrowth,  for  I  leave 
it  undetermined  whether  the 
germinal  epithelium  in  con- 
sequence of  its  development 
grows  into  tht-  embryonic  con- 
nective tissue  in  the  form  of 

cords  and  distinct  groups  of  cells,  or  wln-tln-r  tin-  connective  tissue 
penetrates  with  it>  projections  into  the  epithelium.  Probably  both 
fcUSCU  s  aiv  actively  rn«raged  in  the  process. 

In  the  phenomenon  of  intergrowth.  which  continues  for  a  long 
time  during  development,  two  chief  stages  can  be  distinguished. 

At  first  there  arise  from  the  germinal  epithelium  both  slender  and 
stout  cords  and  balls  of  cells  (figs.  214  and  215),  which  have  received 
from  the  name  of  their  discoverer  the  designation  PFLUCJEU'S  egg-tubes. 
Occasionally  these  are  joined  to  one  another  by  means  of  lateral 


kb 


Fig.  215.     Section  through  an  egg-nest  of  a  Eabbit 

7  days  old,  after  BAI  KOIU. 
ei,  Ovum,  the  germinative  vesicle  (kb)  of  which 

e.vliil.its  :i  fil;ir  n.-t \\oik  :  bi,  connect r 
stroma  ;  /.*,  follicular  cells. 
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branches.  Together  with  the  connective  tissue  separating  them,  they 
form  the  foundation  for  the  cortex  of  the  ovary.  Afterwards  they 
are  covered  over  on  the  side  toward  the  body-cavity  with  a  thick 
continuous  layer  of  connective  tissue,  which  becomes  the  albuginea 
of  the  ovary  ;  they  are  thereby  more  sharply  separated  from  the 
germinal  epithelium  (fig.  216  k.e),  which  is  still  preserved,  even  after 
tliis,  as  a  layer  of  cubical  cells  upon  the  albuginea. 

There  are  two  kinds  of  cells  to  be  found  in  the  Pfliigerian  egg-tubes : 
jollicular  cells  and  primitive  ova  (fig.  215  f.z  and  ei).  Concerning  the 
source  of  the  former  opinions  are  still  contradictory  (compare  p.  382) ; 
according  to  my  view  both  arise  from  the  germinal  epithelium. 

Whereas  the  follicular  cells  become  by  means  of  an  uninterrupted 
process  of  division  more  numerous  and  smaller,  the  primitive  ova 
increase  in  size  continually,  and  their  nuclei  become  very  large  and 
vesicular  and  acquire  a  distinctly  developed  filar  network  (kb).  They 
rarely  lie  singly  in  the  cords  and  balls  of  follicular  cells,  but  ordi- 
narily in  groups,  which  are  designated  as  egg-nests.  One  frequently 
rves  in  the  nests,  as  has  been  announced  by  BALFOUE  and  VAN 
BEXEDEN,  that  several  primitive  ova  become  fused  into  a  common, 
multinuclear  mass  of  protoplasm — a  syncytium.  From  this  there 
is  afterwards  developed  usually  only  a  single  egg.  One  of  the 
numerous  nuclei  soon  outstrips  the  others  in  size  and  becomes  the 
germinative  vesicle,  whereas  the  remaining  ones  undergo  degeneration 
;.n«l  are  dissolved.  It  is  not  to  be  concluded  from  these  processes 
that  the  egg,  as  is  occasionally  asserted,  corresponds  to  a  multiple 
of  cells ;  the  condition  is  more  properly  to  be  interpreted  as  follows : 
of  the  eggs  contained  in  a  nest,  one  outstrips  the  others  in  its  growth 
and  thereby  represses  them  and  employs  them,  in  a  certain  sen.- 
nutritive  material,  for  its  own  growth. 

This  is  a  process  that  occurs  very  frequently  m  Invertebrates,  and  in  the 
phylum  of  the  Arthropods  has  been  studied  with  the  greatest  detail  by 
W  I;ISMANN.  In  these  cases— the  lower  Crustacea  and  Insects— one  can  see  how, 
step  by  step,  out  of  numerous  primitive  ova  which  are  originally  contained  in  a 
germinal  chamber  of  an  ovariole,  only  one  becomes  the  egg,  whereas  the  others 
from  an  early  period  lag  behind  in  development,  then  undergo  degeneration, 
an<l  in  the  form  of  products  of  degeneration  are  taken  up  as  yolk-material  into 
the  persisting  egg-cell. 

During  the  enlargement  of  the  egg-cell  the  second  stage  of  the 
procoxs  of  intergrowth  of  epithelium  and  connective  ti»ue  is  intro- 
duced :  the  8taye  of  the  formation  of  the  follicle  (fig.  216).  At  the 
boundary  between  the  medullary  and  cortical  zones  of  the  ovary  the 
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surrounding  c<>nnecti\.-    ti.->u«-.   carrying    with    it    the    blood-vessels, 

grows  into  the  egg-tubes  oi  i  ml  tin-  n-  i.  and 

divides  tluMii  .-ill  into  -plieroidal  bodlM,  tin-  indhidual  h.llicl'-s  (/). 
Kach  siu-h  >trueture  contain^  a  -in^le  ovum,  that  is  enveloped  on 
all  .sidex  l,y  a  layer  of  i'<illici;l;ir  cells.  Tin-  vascular  connect  iv.-  tissue 
that  i^iows  aroiin«l  it  becomes  tin-  t't'llieular  membrane  or 

fotticuK. 

The  iv. solution    into    1'ollicl. •>  ci.nt  inually   atl\am-t->  1'ruin   the  me- 


c.sch, 


'  > 


Fig.  216.— Part  of  a  sagittal  section  of  an  ovary  of  a  Child  just  born,  after  WAI.DEYER.     Highly 
magnified. 

•  miriiil  fpitlioliuin  :  f.scA,  PFLUGER'S  egg-txibes  ;  wf,  primitive  ova  lying  in  the  germinal 
«  piih.-lium  ;  e.tch',  long  PFIA'CER'S  tubes,  in  process  of  being  converted  into  follicles; 
et.6,  egg-balls  [nests],  likewise  in  process  of  being  resolved  into  follicles  ;  /,  youngest  follicle 
already  isolated  ;  gg,  blood- vessels. 

In  tli.-  tuU>  an<l  egg-nesta  the  prinmnlial  eggs  are  distinguishable  from  the  smaller  epithelial 
cells,  the  future  follu-ular  epithelium. 

dullary  sub.stancr  toward  the  germinal  epithelium  j  however,  there 
an-  jnvs.rvrd  undt-r  it  for  a  long  time  Pfliigerian  tubes,  \\liich 
remain  in  connection  \vith  it  l>y  means  of  narrow  epithelial  cords 
(e.SC//)  and  contain  •  •^^•>  in  pn>rr<>  ot'  developmetlt. 

The  formation  of  new  PtliiirtM-iun  tubes  and  young  ova  i-  • 
process  which  continues  in  the  lower  Vertebrates  throughout  lift-. 
but  in  tin-  hiirhrr  apprar>  to  be  limited  to  the  period  of  embryonic 
development,  or  to  the  first  years  of  life.  In  the  tir.M  case,  there 
being  an  unlimitMl  .-apaclty  for  the  formation  of  new  structure 
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egg-germs  are  found,  even  in  the  adult  animal,  sometimes  in  the 
most  widely  separated  parts  of  the  ovary,  sometimes  limited  to 
definite  regions  of  the  gland.  In  the  second  case  the  period  of 
forming  primitive  ova  in  the  germinal  epithelium  bears  a  direct 
ratio  to  the  total  number  of  ova  eliminated  during  the  life  of  the 
individual.  Thus  WALDEYER  states  concerning  Man  that  in  tin- 
second  year  after  birth  the  formation  of  new  ova  can  no  longer  be 
shown. 

Nevertheless  in  Man  the  number  of  ova  contained  in  a  sin^l«- 
ovary  is  very  great.  They  have  been  estimated  to  number  in  a 
sexually  mature  girl  36,000.  In  other  Mammals  the  production  of 
new  ova  appears  to  last  longer.  PFLUGER'S  tubes  which  were  still 
connected  with  the  germinal  epithelium  and  contained  small  pri- 
mordial ova  have  been  observed  even  in  young  animals  (Dog,  Rabbit, 
etc.).  However,  it  has  been  questioned  whether  we  here  have 
really  new  structures  or  only  primitive  ova  that  in  their  development 
have  remained  stationary.  It  is  maintained  by  VAN  BENEDEN  with 
certainty  for  a  few  Mammals,  e.g.,  the  Bat,  that  in  the  sexually 
mature  animal  PFLtiGER's  tubes  and  primitive  ova  still  continue  to 
be  produced  from  the  germinal  epithelium. 

In  connection  with  the  first  formation  of  the  follicle  I  will  here 
add  some  statements  about  its  further  metamorphosis.  This  is  very 
similar  in  the  different  Vertebrates,  excepting  Mammals. 

In  most  Vertebrates  the  follicle  (fig.  216  f)  consists  at  first  of  a 
small,  centrally  located  egg-cell  and  a  single  layer  of  small  follicular 
cells  enveloping  it.  Soon  both  are  more  sharply  separated  from 
each  other  by  means  of  a  vitelline  membrane.  In  older  follicles 
both  parts  have  increased  in  size.  The  follicular  cells  ordinal  ilv 
grow  out  into  long  cylinders,  and  appear  to  play  an  important  part 
in  the  nutrition  of  the  egg.  In  many  animals,  e.g.,  in  Sharks  and 
Dipnoi,  yolk-granules  have  been  found  in  them,  as  in  the  egg  itself, 
and  it  has  been  concluded  from  this,  as  well  as  from  other  phenomena, 
that  the  follicular  cells  take  up  nutritive  substance  from  the  \ 
cular  follicular  capsule,  and  pass  it  along  to  the  egg.  Such  a  method 
of  nutrition  is  made  easier  by  the  fact  that  the  vitelline  membrane 
(fig.  5  z.p)  is  traversed  by  tubules,  through  which  the  follicular 
cells  (f.z)  send  protoplasmic  filaments  to  the  egg.  When  the  egg 
has  attained  its  full  size,  the  follicular  cells  lose  their  significance  as 
nutritive  organs  and  become  more  and  more  flattened. 

In  the  lower  Vertebrates  the  mature  ova  are  generally  eliminated 
in  great  numbers  all  at  once,  frequently  in  the  course  of  a  few  days 
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or  even    hours.      The   di-charire   take*   plan-   by   tin-   rupture  of   t  he 

oonnective  tissue  envelope,  which  cause*  tin- eggs  t«>  escape  into  the 

body-cavity,  as  in  the  FM.e>and  most  of  the  Amphibia.  After  the 
elimination,  the  OVary,  which  up  to  thi-  linn-  was  extraordinarily 
large  and  took  up  mo.M  of  tin-  space  in  the  tx>d\ ca\  ity.  >hrivi-U  into 
a  very  small  cord  and  now  encksefl  only  tlie  young  germs  of  ova, 
part  of  which  arc  defined  to  inatun-  during  tli«-  in-\i  year, 

Tlic  formation  of  the  follicle  take>  place  in  a  somewhat  ditlen-m 
Way  in  Maininals.  The  follicle  originally  contain-.  a>  in  the  n-inainini: 
Vertebrates,  only  a  single  c^  and  a  >in.^le  layer  of  follicular  ci-ll>. 
which  are  at  tirM  llat.  then  cul.ical.  then  cylindrical  (fig.  216 /). 
For  a  loni:  time  these  cells  envelop  the  egg  as  a  single  layer,  but 


Fig.  217  A  and  B.  -Two  stages  :n  the  development  of  the  Graafian  follicle.   A  with  the  follicular 
fluid  beginning  to  be  fonm-«l  ;  l>  ^  ith  a  greater  accumulation  of  it. 

,  ;  fz,  follicular  cells  ;  fz\  follicular  cells  which  envelop  the  ovum  and  constitute  the 
discus  proligerus;  /;  follicular  fluid  (liquor  folliculi)  ;  fk,  follicular  caiwule  (tht-ca 
folliculi);  :p.  zora 


they  then  «rrow.  undergo  division,  and  are  converted  into  a  thick 
envelope  of  many  layers.  But  the  difference  from  the  course  of 
development  described  above  becomes  still  greater,  owing  to  the  fact 
that  a  fluid,  the  liquor  folliculi,  is  secreted  by  the  proliferated 

follicular  cell>,  and  collects  in  a  small  cavitv  at  the  side  of  th« 

!•    -I/)- 

In  consequence  of  a  considerable  increase  of  the  fluid,  the  originally 
solid  follicle  becomes  converted  finally  into  a  large  or  small  ve.-icl<- 
(fig.  217  /?),  which  was  discovered  inorr  than  two  hundred  years  ago 
1'v  the  Hollander  REGXIER  DE  GRAAF  and  was  held  to  be  the 
human  ovum.  The  structure  has  al>«>  l>ecn  named  after  mm  the 
11  a  n  fal/iclf.  Such  a  follicle  (fig.  217  B)  now  c..n>i>i>  of  (1)  an 
outer  connective-tissue,  vascular  envelope  (/k),  the  theca  folliculi; 


380  EMBRYOLOGY. 

(2)  lying  on  its  inner  surface,  an  epithelium  composed  of  many  layers 
of  small  follicular  cells  (/b),  the  membrana  granulosa ;  (3)  the  liquor 
folliculi  (ff ) ;  and  (4)  the  ovum  (ei),  which  originally  lay  in  the  centre 
of  the  follicle,  but  which  has  now  been  crowded  tc  the  periphery. 
Here,  enveloped  in  a  great  mass  of  follicular  cells  (fzl),  it  causes  an 
elevation  of  the  wall, — the  discus  proliyerus, — which  protrudes  into 
the  cavity. 

When  the  egg  has  reached  complete  maturity  its  elimination 
occurs  by  a  collapse  of  the  Graafian  follicle,  which  has  then  at- 
tained in  Man  a  diameter  of  about  5  mm.  and  causes  an  elevation 
at  the  surface  of  the  ovary.  The  liquid  of  the  follicle  flows  out 
through  the  rupture  and  at  the  same  time  carries  away  with  it 
from  the  discus  proligerus  the  egg,  which  comes  first  into  the  body- 
cavity,  being  surrounded  by  a  small  number  of  follicular  cells,  which 
still  cling  to  the  zona  pellucida  (fig.  5).  The  egg  is  then  taken  up 
by  the  oviduct. 

Into  the  cavity  of  the  follicle  produced  by  the  flowing  out  of  the 
liquid  an  effusion  of  blood  takes  place  from  the  ruptured  blood-vessels 
in  the  vicinity.  The  blood  coagulates,  and,  accompanied  by  a  prolifera- 
tion of  the  adjacent  tissue,  is  converted  into  the  yellow  body,  or  corpus 
luteum,  which  is  a  characteristic  structure  of  the  ovary  of  Vertebrates. 
Both  the  follicular  cells  (membrana  granulosa)  which  are  left  behind 
and  the  connective -tissue  follicular  capsule  participate  in  this  pro- 
liferation. The  follicular  C3lls  continue  to  multiply,  penetrate  into 
the  interior  of  the  coagulum,  and  after  a  time  begin  to  undergo 
degeneration  and  to  be  dissolved  into  a  granular  mass.  Vascular 
outgrowths  from  the  capsule  penetrate  into  the  yellow  body,  and 
at  the  same  time  there  is  an  extensive  emigration  of  white  blood- 
corpuscles  or  leucocytes,  which  likewise  undergo  fatty  and  granular 
neration  at  a  later  psriod. 

It  is  of  grc  at  importance  for  the  further  development  of  the  yellow 
body  whether  the  egg  set  free  is  fertilised  or  remains  unfertilised. 
For  according  as  the  one  or  the  other  event  supervenes,  the  corpus 
luteum  is  distinguished  as  true  or  false.  In  the  first  case  it  acquires 
a  much  greater  size,  the  maximum  of  which  is  reached  in  the  fourth 
month  of  pregnancy.  It  then  appears  as  a  fleshy  reddish  u. 
After  the  fourth  month  a  process  of  degeneration  begins.  The 
products  of  degeneration,  which  have  resulted  from  the  granular 
metamorpho-i>  fit1  th«-  t'olliYular  cells  ami  leucocytes,  as  well  as  from 
tin-  coa.irulum  of  blood,  are  absorbed  by  the  blood-vessels.  Out  ot 
decomposed  rolnrini;  mutter  of  tin-  blood  there  have  ari>«  n  ha-ina- 
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toidin  cry-tal.-,  which  now  .irivi-  to  tin-  bod\  an  orange  i«-d  color.  The 
connective  ti--ue,  originally  uith  an  abundance  of  n  11>,  be^'in.-  to 
shrivel,  as  in  tin-  formation  of  ;|  >(-ai •;  a-  a  n  >ult  of  these  various 
pivce»es  of  deio  neiation  tin-  yellow  body,  which  proj.ets  beyond  tli«- 
Mirface  of  tin-  ovary,  he-in-  to  become  coti-id>-ra  1  >1  v  -mailer,  and  is 
finally  roiivi  rted  into  a  firm  connect  iv«-t  i  —  ue  callus,  which  causes 
a  di-a \\inir  in  :it  tin-  surface  of  tin-  or^an. 

When  fertilisation  has  not  occuned,  the  »am«>  int-tamorpl 
and  {irocTSSes  of  Drouth  it  is  true  ta  kc  place,  hut  tin-  tal-e  coi-[>u> 
luteum  n-m.-iiiiN  very  much  smaller.  Tin'-  i-  j>i-ol»jil)ly  due  to 
the  fai-t  that  theafllux  of  hlood  to  the  sexual  organs  is  very  much 
le»  when  there  is  no  fertilisation  than  in  case  preirnanoy  take- 
place. 

In  adilition  to  the  tubes  of  PFLUGEU, — which  arise  from  the 
L'eiiiiinal  epithelium  and  produce  the  primitive  ova, — in  mo>t  c! 
of  Vert  citrates  tpithtlfal  cords  of  another  kind  an<'  nuntln  r  <,ri>iin 
inin  tin'  composition  of  the  ovary.  As  has  been  observed  by 
\arious  persons  in  Amphihia.  l!eptile>,  l>iids  and  Mammal.-,  there 
irrow  out  from  the  Wolfiian  hody,  whirh  lies  in  the  immediate 
vicinity,  epithelial  shcot.-.  the  lt sexual  OOrds  »/'//<>'  jifiiitifiri'  ki<l 
and  the-o  penetrate  toward  the  developini:  ovary  even  a>  <  arly  as 
the  h.  irinniiu:  of  tin-  interi:rowth  between  germinal  epithelium  and 
connecti\«-  ti»ue.  They  arise  from  the  epithelium  of  the  Malpighun 
corpuscles,  as  BRAUN  has  shown  for  Reptile-,  lloi-i  MANN  for  Ampliihia. 
and  SEMON  for  Birds.  In  Mammals,  in  which  at  present  their  sub- 
si  ijiunt  t'ati'  l:as  been  most  acc-urately  traced  out.  they  then  unite 
with  one  anothtr  into  a  network  at  the  ha.-e  of  the  fundament  of 
the  ovary,  which  protrudes  as  a  ridp-  into  the  hody-cavitv,  and. 
pm.-uini:  tortuous  courses,  grow  into  contact  with  the  tube 
I'FI.M.KH.  \Vb.  n  a-  in  .Mamn:als  the  cort<  x  of  the  ovary  is  de- 
veloped out  of  the  latter,  the  former  -hare  in  the  composition  of 
the  future  medullary  -ul>-tance,  and  are  on  that  account  designated 
as  ///"////A//-//  cords.  In  the  vicinity  of  the  follicle  tiny  remain  solid, 
when  a-  the  pait  mar  the  primitive  kidney  acijuir:  s  a  cavity  which 
is  surrounded  by  cylindrical  ceil-. 

The  medullary  cords  «. \hibit  in  difl'ereut  species  of  Mammal.- 
ditl'erent  degrees  of  development,  as  the  comparative  inv.  Mirations  of 
H.vitx  have  established.  In  some  animals.  *-.;/.,  in  the  1'i^r  and  Sheep, 
they  n-ach  only  to  the  base  of  the  ovary,  and  therefore  remain  -epa- 
ratid  from  the  tubes  of  PFLUGER  by  a  wide  apace;  in  other-  tlu-v 
inow  out  into  the  vicinity  of  the  latter,  and  in  part  apply  themselves 
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closely   to   them   (Cat,  Guinea-pig,  Mouse,  etc.),  and  take   a   very 
prominent  part  in  the  composition  of  the  medullary  substance. 

There  are  two  antagonistic  views  relative  to  the  significance  of  the 
sexual  cords  of  the  primitive  kidney,  or  the  medullary  cords,  in  the 
formation  of  ova.  According  to  KOLLIKER  and  ROUGET  the  medullary 
cords  early  fuse  with  the  tubes  of  PFLUGER  and  furnish  to  them  the 
cells  which  become  the  follicular  epithelium.  The  cells  contained  in  a 
follicle  would,  according  to  this,  come  from  two  sources — the  follicular 
cells  would  arise  from  the  primitive  kidney,  the  eggs  from  the  ger- 
minal epithelium.  Most  embryo! ogists  dispute  this.  According  to 
their  observations  the  medullary  cords  only  exceptionally  extend  close 
up  to  a  follicle,  in  many  Mammals  they  do  not  reach  it  at  all ; 
consequently  not  only  the  primitive  ova  but  also  the  accompanying 
follicular  cells  must  be  furnished  by  the  germinal  epithelium.  I  also 
favor  the  latter  view,  which  appears  to  me  to  be  best  supported  by 
the  facts.  But  what  significance  the  medullary  cords  have  will  be 
better  understood  when  we  have  become  acquainted  with  the  develop 
ment  of  the  testis,  to  which  we  shall  now  proceed. 

(g)  The  Testis. 

I  will  at  once  state  that  our  knowledge  of  the  development  of  the 
testis  is  less  complete  than  that  of  the  development  of  the  ovary. 

The  conditions  appear  to  me  to  be  the  clearest  in  the  non-amniotic 
Vertebrata.  We  possess  here  the  pioneer  researches  of  SEMPER  and 
BALFOUR  on  the  Selachians,  and  of  HOFFMANN  on  Amphibia.  All 
these  investigators  have,  with  one  accord,  come  to  the  conchiM»n 
that  the  male  sexual  products,  as  well  as  the  female,  arise  from  the 
germinal  epithelium  of  the  body-cavity.  In  males  also  there  is  to 
be  recognised  in  the  region  of  the  primitive  kidney  a  special  thickened 
hand  of  tall  epithelial  cells,  in  which  are  imbedded  larger  cells  with 
vesicular  nuclei,  the  primitive  spermatic  cells.  In  the  Sharks,  the 
conditions  of  which  I  shall  make  the  basis  of  the  further  description, 
they  form  irregular  cords  of  cells,  the  "  Vorkeimketten  "  of  SEMPKK 
(fig.  218  A).  Out  of  these  are  developed  small,  spherical,  t'ollicular- 
lik«-  bodies  (fig.  218  /?),  by  the  in«rn.\vth  of  surrounding  connective 
into  tho  cords,  which  are  thereby  divided  up. 

Thu.s  tar,  therefore,  complete  agreement  exists  in  the  development 
of  both  kinds  of  sexual  products.  But  whereas  in  the  case  of  the 
ovary  one  cell  in  each  follicle  increases  in  size  and  is  converted  into 
the  ovum,  a  lik«-  process  does  not  take  place  in  the  male;  here  the 
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follicle-like  *t  met  lire*  b.  come  hollow  ami  t  bu*  convert,  d  into  v <//,/',/.// 
(tut/ml/"-,  who*e  epithelial  cells  gradually  grow  out  into  long  cylin 
The  greater  part    of   the->e   become    -eminal    mot  her  cells,    which    by 
many  repeated  division*  are  converted   into  sixty  seminal  cells,  each 
of    which    is    metamorpho-ed    into    a     -emiiial    filament.      Since   the 
filament  s  derived  from  each 
seminal  mother-cell  alua\> 
arrange  themselves  parallel 
to  one  another,  it    is  easily 
understood  whv  he  fore  the     =c 
e.ttainment     of      complete 
maturity  the  seminal  tila- 
ments  are  found  united  in 
great  numbers  into  bund  lev. 

\Vttereas  the  testis,  like 
the  cm/-//,  itnnvs  its  specific 
histological  components  Di- 
rectly from  the  genninnJ 
epithelium,  it  acquires  its 
efferent  ducts  from  '/>' 
irriinitive  kidney.  As  in 
the  female,  so  also  in  the  j 
male,  epithelial  shoots,  the 
sexual  cords  (genital  canal* 
of  HOFFMANN),  grow  from 
the  primitive  kidney  to- 
ward the  testis ;  in  the 
Amphibia  they  arise  as 
proliferations  from  the 
cells  of  the  wall  of  certain 
Malpighian  corpuscles ;  in 
the  Selachians,  on  the  con- 
trary, they  sprout  out  in  a 
*omewhat  different  manner 
from  the  ciliate  funnel*. 

Arrived  at  the  base  of  the  t«  *ticular  ridge,  they  are  joined  together 
into  a  longitudinal  canal,  from  which  tine  tubules  are  sent  still 
farther  into  the  substance  of  the  testis,  where  they  unite  with  the 
structures  that  take  their  origin  in  the  germinal  epit helium.  As 
figure  -IS  Ji  shows,  the  efferent  tubules  (sc)  in  Selachians  at 
first  apply  their  blind  ends  to  the  ampulla?,  and  enter  into  open 
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communication  with  them,  but  only  after   the  maturation  of  tho 
seminal  filaments  begins. 

Many  differences  of  opinion  still  prevail  concerning  the  development 
of  the  testis  in  the  higher  Vertebrates.  It  is  true  that  the  presence  of 
a  germinal  epithelium  upon  the  surface  of  the  mesonephros  has  also 
been  established  in  this  case  by  WALDEYER  for  the  male,  but  its 
participation  in  the  fundament  of  the  testis  has  been  called  in 
question.  According  to  the  original  account  of  WALDEYER,  which 
is  still  defended  by  many  investigators,  especially  by  KOLLIKER,  the 
seminal  tubules  are  morphological  products  of  the  primitive  kidney. 
However,  more  recent  researches,  which  it  must  be  admitted  do  not 
yet  harmonise  with  one  another  in  all  points,  indicate  that  the 
development  of  the  testis  of  Reptiles,  Birds,  and  Mammals  agrees 
with  that  of  non-amniotic  Vertebrates  in  the  main  outlines.  In 
continuation  of  the  work  of  BORNHAUPT  and  EGLI,  who  it  is  true 
worked  with  incomplete  methods  of  investigation,  BRAUN  has  recently 
maintained  for  Reptiles,  SEMON  for  the  Chick,  MIHALKOVICS  and 
JANOSIK  for  the  latter  and  for  Mammals,  that  in  the  male  also  the 
germinal  epithelium  begins  to  proliferate,  penetrates  into  the  depth.- 
of  the  testis,  and  furnishes  the  primitive  seminal  cells.  The  tubul«->. 
which  according  to  KOLLIKER  and  WALDEYER  grow  into  the  funda- 
ment of  the  testis  from  the  primitive  kidney, — the  sexual  cords, — 
serve  only  for  carrying  away  the  semen.  As  stated  by  BRAUN  for 
Reptiles,  and  by  SEMON  for  the  Chick,  they  sprout  out  from  the 
epithelium  of  Malpighian  corpuscles,  as  in  the  case  of  the  Amphibia. 

Although  according  to  the.se  accounts  the  double  origin  of  the 
substance  of  the  testis,  on  the  one  hand  from  the  germinal  epithelium, 
on  the  other  from  the  primitive  kidney,  can  no  longer  be  well 
called  in  question,  nevertheless  in  the  details  many  conditions, 
which  are  still  differently  described  in  the  higher  Vertebrates, 
demand  renewed  investigation.  Before  all  else  this  point  should  be 
>till  further  explained:  In  what  proportion  do  the  epithelial  cells 
tuniMu-d  by  the  germinal  epithelium  and  those  by  the  primitive 
kidney  share  in  the  formation  of  the  tiMirular  substance  ?  Are  the 
tubulc>  which  produce  the  semen  formed  exclusively  from  germinal 
epithelium,  or  is  it  only  the  seminal  mother-cells  which  h.iv.-  thi> 
origin,  while  there  are  a-.  <  i.it.-.l  with  the  latter  indifferent  cells  fr< m\ 
the  "  sexual  cords  of  the  primitive  kidney  "  ? 

I  hold  it  to  IK-  the  more  probable  that  t/ie  tubules  producing  the  semen, 
tfie  tubuli  seminiferi,  are  derived  from  the  germ  //////  •  ///V//.7;,/  /// . 
recti  and  the  rete  testis,  on  the  contrary,  from  the  primitive  kidney. 
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:died  the  •  i  «•!'  tin-  te.sti-,  iii  human  m 

:i  t  lie  act  ivi-ly  ]>n.  Iii.  .uinal 

epithelium  numerous  cords,  in  which  lar_re  primitive  seminal  cell 

Tlit-  curds  afterwards  hee.  .....  •  I  lie  -••minal  tuhule-.      In  .Man  then-  prevail- 

the   l)"Lriiniinur.  remarks.  such  a  irrcat    dilfeivi  n   tin-   t\\.> 

.  both  iti  tli"  1'i.riii  <>f  tin-  c.n<_rinal  ireriuinal  rH-jv  and  in  the  \vhulo  pn 
of  its  differentiation.  that  one  can  r800gniS6  in  the  anal  unieal  .structure  of  the 
sexual    glands    from    a    \ery  early  sta^e  whether  01..  fte    him  a 

male, 


/'  tin'    l>itj'i  r<n1     l-'n  n'ln  in-  ,'it'i' 

>//.s7»///    into  tin'   A'fi'lf   Condit 
\v.>  have  beoom  •  :tc.|H.-iini.-(l  in  the  pivcedin--  pagee  with  the  first 

development  «»t'  the  \-ai-i.  >us  jiarts  wliieli  cdiisiitute  the  t'oundat  idi-  i.f 
the  iiro^eiiital  syMein.  'I'li'-s;-  are  (liir.  -I1.')  three  pairs  ..f  canals 

—  the   inesonephrif    ducts    (////).    the    Miillerian    ducts   (UK/},    an  1    the 
ureters  (///)  —  and  in  addition  a  i^reat   nuiiihei1  ol'  glandular  st  met  ui-e> 

—  l>rone|>hr<>s,    nu-soiu-phi-ns   (-'//).   met  an.-phi-o-   (  //  ).  and   tlie  sexual 
glands  (/,•</}.  o\ai-y  and  test  is. 

It  Avill  l>e  my  task  in  what  follows  to  indicate  how  the  ultimate 
condition  is  derived  t'r.»m  these  einl.ryoi'ic  I'undainent  s.  hi  thi>  I 
shall  limit  myself,  in  the  main,  to  Man.  herause  we  now  have  to  do 
with  more  ea.-ily  im  e  'ti^a  t  ed.  and  in  general  well  known  condit  i..n>. 

In  a  human  einhryo  eii:ht  weeks  old  (ijir.  -J-Jll)  the  fund:im«nt-. 
if  we  neglect  <lill'erences  which  are  ivc.  j;n>al>le  only  hy  the  ai«l 
of  tlie  microscope,  are  so  -imilar  in  male  and  female  as  to  U> 
indistinguishable. 

All  the  glands   lie   at    the   .-ides   of   the   luiiiiur   vertelna'.'    fartjust 

forward   the   kidney  (//).    which    is   a    small    bi-an-sluipi-il   ho-lv  ;    upon 

tliis   lie-   the   Miprarenal    hody    (/<//).    that    at    this   time    is   dispropor- 

tionately hirire  and  is  to  l»e  seen  only  on  the  left   half  of  the  figure. 

•newliat   luti  ral  to  1  1n-  kidney  one  86  >  the  primitive  kidn   v  (  »n  i 

as    ;.n  elnlipUed,    li:i  1  row   t  ract    of    tissue.        It    i.s  attached   to    the    Wall 

of  the  trunk  hy  a  connect  ive-tisMu-  lamella,  a  told  ,.f  the  peritoneum. 
the  >o-calhd  mes-m  cry  of  the  primitive  kidney.  In  the  middle.}' 
the  jiland  it  is  rather  hro:id,  hut  ahnve.  toward  the  diaphragm,  it 
is  elongated  into  a  nari-«>\v  hand,  which  KIM.UKKK  \\:^  ile>erihed  as 

the  diaphrttgmatic  ligament  ot  th-  primiti\e  kidne\.  1'pon  careful 
examination  one  also  oh>,  rves  at  the  lower  end  of  the  primitive 
kidnex  a  -ec-md  fold  of  the  peritoneum,  which  runs  I  r.,m  it  to  the 
inguinal  region  t  lip..  L'l!*  and  I'-jn  ,//,).  It  encl«-se.x  a  linn  strand 
of  connective  tissue,  a  kind  of  lipniM-nt.  that  i.sdt.stined  to  plax  a 

25 


•386 


EMBRYOLOGY. 


part  in  the  development  of  the  female  and  male  sexual  organs — the 
inguinal  ligament  of  the  jnnmitive  kidney.  It  subsequently  becomes 
in  man  the  guberncicidum,  ffunteri,  in  woman  the  round  ligament  of 
•tJte  uterus  (ligamentum  teres  uteri). 

On  the  median  side  of  the  primitive  kidney  is  found  either  the 

testis  or  the  ovary  (kd), 
according  to  the  sex  of 
the  embryo,  both  sexual 
organs  still  being  at  i  his 
time  small  oval  bodies. 
They  also  possess  me- 
senteries of  their  own, 
a  mesorchium  or  rneso- 
varium,  by  means  of 
which  they  are  con- 
nected with  the  root  of 
the  primitive  kidney. 
As  long  as  the  sexual 
organs  retain  their  posi- 
tions on  each  side  of 
the  lumbar  vertebrae, 
the  blood-vessels  th.it 
supply  them  run  in  an 
exactly  transverse  direc- 
tion:  the  arteria  sper- 
matica  from  the  a<>rta 
to  the  ovary  or  the 
testis,  the  vena  spi-nna- 
tica  from  the  gland  to 
the  vena  cava  inferior. 

The  various  efferent 
ducts  lie  at  this  time 
close  together  at  the 
margin  of  the  mesone- 


Tig   219.— Diagram  of  the  indifferent  fundament  of  the 
urogenital  system  of  a  Mammal  at  an  early  stage. 

Iney;  Id,  sexual  gland;  «n,  primitive  kidney;  ug, 
mesonephric  duct ;  ing,  Mullerian  duct ;  nig',  its  an- 
terior end  ;  yli,  gubernacuhim  Hunteri  (mesonephric 
inguinal  ligament) ;  hi,  ureter  ;  hi',  its  opening  into 
the  urinary  bladder ;  up",  my",  openings  of  the  mesone- 
j»liric  and  Mullerian  ducts  into  the  sinus  urogenitalis 
(tug) ;  md,  rectum  ;  cl,  cloaca  ;  gho,  sexual  eminence  ; 
ffw,  sexual  ridges ;  cl',  external  orifice  of  the  cloaca ; 
hbl,  urinary  bladder;  hbl',  it*  elongation  into  the 
urachua  (the  future  lig.  vesico-umbilicale). 


plnic  fold  (fig.  219),  the 
most  anterior  [ventral]  being  the  MUllerian  duct  (nig).    Farther  back- 
toward  the  pelvis  the  ducts  of  both  sides  approach  the  median 
plane  (fig.  219),  whereby  the  Miillfiian  duct  (ing)  comes  to  lie  t'« 

in  <li>tance  on  the  median  sido  of  and  th«  n  In-hind  [dorsal  of] 
the  mesonephric  duct  (?/</),  so  that  altogether  it  describes  around  tin; 
Utter  a  kind  of  spiral  course.  When  they  reach  the  lesser  pel'  is, 
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the  four  duct>  are  united  b  -hind  tin-  bladder  (/////)  into 

ialcord',  this  muon  is  due  to  their  becoming  >un-ounded  l.y  the 

umbilical   arteiiefl       which   have  :it   thi>  time  attained   ;.  .  ;iinl 

which  run  from  tin-  aorta  mi  1  «>tii 

siil.  >   of    the    bladder    up  to  the 

uml>ilicus — and  to  their  being,  as 

it   \vi  re,  tied  up  intu  a    bundle  by 

them.     In  a  cro»  Mvtion  through 

the  gi  nital  cord  (L.  e  find 

the  nu'soiM-pliiir  «lu.-t>  (»</)  -<un«- 

what  inoi-f  anterior  |  ventral]  and 

at    tin-  >nmi-   tiinr    fartln-r   aj>ait 

tlian    tin-    Miillt-rian   ducts 

\vliicli   ;.!•('   a    little  hrhind  them 

a  in  I  pressed  quite  close  together 

in   the   median    plant-. 

In  older  embryos  there  ari>e 
in  the  evolution  of  the  iiroirenu.-.l 
in  differences  between  the 
two  96X66  which  are  \  i>il)i«- e\.'n 
extt-i-nally  and  which  become 
more  distinct  from  month  to 

month.  The>e  result  from  fundamental  metamorphosis,  which  the 
whole  appai  atu>  continually  undergoes  in  its  srparat-  part-.  lj: 
connection  with  tlii-  sonic  originally  ^uite  large  fundament.^  undergo 
almost  complete  d«  vfn«M-at ion  ;  of  tlio-«-  which  remain  some  an- 
M-rvic.  ahlo  only  in  the  female,  others  only  in  the  male;  when  not 
employed,  they  disappear.  .Moivov.-r  the  conditions  which  wei>- 
reternd  to  at  the  iK-ginning  of  the  docript  ion  are  e\ten>ively  edl 
by  tin-  fact  that  the  >e\ual  organ>  surrendei-  their  original  position. 
:t  her  >id« •  of  tlu»  lumbar  vertebra-,  and  move  farther  downward 
into  tin-  pelvic  cavity. 

-.•rib,,  first  the  changes  in  the  male,  then  those  in  the  female. 


Fig.  220  —Urinary  and  sexual  organs  of  a 
human  embryo  8  weeks  old,  attt-r  Ki>L- 
I.:KI:H.  Mamiit;  :*,  and 

seen  fr<>m  th^  \cntr;il  I 
Right    suprarenal   body;    un,   primitive 
;    ung,    mesoneptiric 
duct ;  ;; 

ligament  (gubeni.-uuluni  11 
mentuni  .lum) ;    •„>,    • 

b,  bladder  ;  led,  sexual  gla 


(A)  Thf  Metamorphosi*  in  ///••  Male.     Descemua  tcm. 

\Vherea>  th-  igB,  -- 1    and   •_)L)_))by  conglomeration  of  the 

seminal  tubules  becomes  a  bulky  organ  (/<).  the  me-oiiephr.- 
i>  retarded  in  its  development  more  and  more,  and  i>  at    the  same 
time    ditl'erently    metamorphosed    in   its    anterior    and  •  erior 

portions.     The  anterior  or  fCXUal  j>'.i.--t  e/'  the,  jirimitice  kidney 
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which  has  come  into  communication  with  the  seminal  tubules  by 
means  of  individual  canals,  in  the  manner  previously  described,  and 
has  thereby  furnished  the  rete  testis  and  the  tubuli  recti,  is  converted 
into  the  head  of  the  epididymis.  It  exhibits  in  the  tenth  to  the 
twelfth  week  from  ten  to  twenty  short  transverse  canals,  which  are 
now  to  be  designated  as  vasa  efferentia  testis.  They  unite  in  the 
mesonephric  duct  (fig.  222),  which  continues  to  have  a  straight 
course,  and  has  now  become  the  seminal  duct  (si,  vas  deferens). 
During  the  fourth  and  fifth  months  the  individual  canals  begin  to 
grow  in  length  and  thereby  to  become  tortuous.  The  vasa  efferentia 

in  this  way  produce  the  coni  vasculosi, 
which  are  at  once  the  initial  part  of 
the  vas  deferens  and  the  tail  of  the 

epididymis. 
i 

Incidentally  let  it  be  stated  that  near  the 
external  opening  of  the  vas  deferens,  as  it 
passes  along  the  posterior  surface  of  the 
bladder,  there  arises  in  the  third  month  a 
small  evagination,  which  becomes  the  seminal 
vesicle  (sbl). 


•• 


Fig.  221.  The  internal  sexual  organs 
of  a  male  human  embryo  9  cm. 
long,  after  WALDEYER.  Magnified 
8  diameters. 

h,  Testis  ;  nh,  epididymis  (sexual  part 
of  the  primitive  kidney)  ;  pa, 
paradidymis  (remnant  of  the 
primitive  kidney);  si,  vaa  deferens 
(duct  of  the  primitive  kidney); 
ft,  vascular  bundle  of  connective 
tissue. 


The  posterior  region  of  the  primitive 
kidney  (pa)  degenerates  into  very  in- 
significant remnants.  In  older  embryos 
one  still  finds  for  a  time,  between  vas 
deferens  and  testis,  small,  tortuous 
canals,  usually  blind  at  both  ends,  be- 
tween which  degenerated  Malpighian 
corpuscles  also  occur.  The  whole  forms 
a  small  yellow  body.  In  the  adult  these 

remnants  are  still  further  reduced;  they  produce  on  the  one  hand 
the  vasa  aberrantia  of  the  epididymis,  and  on  the  other  the  organ 
discovered  by  GIRALDES,  the  paradidymi*.  The  latter  con- 
According  to  HENLE'S  description,  of  a  small  number  of  flat,  white 
bodies,  lying  in  contact  with  the  blood-vessels  of  the  seminal  cord, 
•  .idi  of  which  is  a  knotted  tubule  blind  at  both  ends;  each  tubul«  is 
lined  with  an  epithelium  containing  fat,  and  is  enlarged  at  its  blind 
ends  into  irregularly  lobed  vesicles. 

The  Miillerian  ducts  (fig.  222  ing)  do  not  acquire  in  the  male  any 
function,  and  therefore,  as  useless  structures,  undergo  degeneration ; 
tin-  middle  region  in  fact  uMi.illy  disappears  without  leaving  a  trace 
although  it  has  been  for  a  time  during  embryonic  life  demonstrable  as 
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an  epithelial  cord.      <!.\SSKI:   indr-e  1  oh->erved   a   nidim-M  il  of 


i   Table   e\tellt    a1     t  IP 

male  child.  Certain 
rudiments  ot  t  lie  ter 
minal  portion-.,  on 
the  contrary,  are  pre 

served    even    in    the 

adult  individual,  and 
in  descriptive  anato 
lilies  are  called  nl,  rus 

(nut}  and 


ferem  in  a  reoeni  i 


The  posterior  ter- 
minal parts  of  the 
two  Miillerian  ducts, 
which  lie  close  to- 
gether enclosed  in 
nital  cord,  are 
modified  into  the 
utemis  w.iMi'tiiHifi 
dun  ).  Owing  to  the 
disappearance  of  the 
partition  separating 
them,  they  are  united 
into  a  single  small 
sac,  which  is  situated 
between  the  openings 
of  the  two  vasa  de- 
ferent ia  at  the  pro- 
stata  and  therefore 
still  hears  the  name 
of  sinus  pro-taticus. 
Kxtraordinarily  in- 
conspicuous in  Man. 
it  acquires  in  many 
^Mammals,  in  < 
vores  and  lluminant> 


gk 


hr 

Fig.  222.— Diagram  to  illustrate  the  development  of  the  male 
sexual  organs  of  a  Mammal  from  the  indifferent  funda- 
ment of  the  urogenital  system,  which  it  diagrammatic  ally 
represented  in  fig.  219. 

The  persistent  parts  of  the  original  r 

liy  .••mtinu'iii-  liii'--.  the  parts  which  undergo  degeneration 
by  dot  ted  lii.  ,'loyed  to  show 

the  portion  which  the  inalo  sexual  organs  take  a: 
completion  of  the  descensua  testiculorum. 

n,  Kidney:  fc,   tettfe;    •    ,  •  •I'l.lnlymis ;  pa,  paradidymis  ;  hy, 
hydatidof  thecpulidjrmia;«{,  vas  deferens ;  mg,  de.i.-' 
Miillerian  .1  '-ma  masculintis,  remnant  <«f  the 

Miillerian  ducts:  gh,  gubernaculuin  Hnntori  ;  /, 
hi',  it-  ulsaaeminales; 

hbl,  urinary  bladder  ;  Uld' ,  it-  upi>er  tip.  \v  hich  i^  '-"minimus 
with  the  liuanienti.-  ••  medium  oirachus) ; 

hr,  urethra  ;  ]»;  prostata ;  dej,  external  orifice  of  the  ductus 

The  letters  «/.',  h',  ti  indicate  the  position  of  the  several  organs 
after  the  descent  has  taken  place. 

(WEBER),  a  considerable  size,  and  is  dill'erentiate.1,  as  in  the  female. 
into  a  vaginal  and  a  uterine  part.  In  Man  it  corresponds  chiefly 
to  the  vagina  (TouuxErx). 
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The  non-stalked  hydatid  (hy)  is  developed  out  of  the  other  end 
of  the  Mullerian  duct.  It  is  a  small  vesicle  that  rests  upon  the 
epididymis,  is  lined  with  cilia te  cylindrical  epithelium,  and  is  continued 
into  a  small,  likewise  ciliate  canal.  At  one  place  it  possesses  a  funiiel- 
shaped  opening,  which  has  been  compared  by  WALDEYER  to  the 
pavilion  of  a  Fallopian  tube  in  miniature. 

In  order  to  complete  the  account  of  the  development  of  the  sexual 
organs,  there  still  remain  to  be  mentioned  the  important  cJianges 
f  position  which  the  testis  together  with  the  attached  rudiments 
undergoes.  Since  early  times,  these  have  been  embraced  under  the 
Tiame  of  descensus  testiculorum. 

Originally  the  testes  (fig.  222  7^)  lie,  as  previously  stated,  in  the 

peritoneal  cavity   at 

mtl       the  side  of  the  lumbar 

vertebrae.  In  the 
third  month  we  find 
them  already  in  the 
greater  (false)  pelvis, 
in  the  fifth  and  M.xth 
on  the  inner  side  of 
the  anterior  wall  of 
the  abdomen  close  to 
the  inner  abdominal 
ring  (fig.  223).  In 
consequence  of  these 
changes  the  nourish- 
ing blood  -  vessels, 

•*hich  at  first  ran  transversely,  have  altered  their  direction  and  now 
pass  obliquely  from  below  upward,  because  their  original  place  of 
attachment  to  the  abdominal  aorta  and  the  inferior  vena  cava 
remains  the  same.  How  is  the  migration  to  be  explained  ? 

I  have  already  mentioned  the  inguinal  ligament,  or  the  guberna- 
oulum  Hunteri  (fig.  222  and  223  gh),  which  puts  the  primitive 
kidney,  or,  when  this  has  disappeared,  the  testis,  into  connection  with 
tli«-  inguinal  region.  This  ligament  has  in  the  meantime  become  a 
strong  connective-tissue  cord,  in  which  non-striate  muscles  also  lie. 
Jt^  upper  end  is  attached  to  the  head  of  the  epididymis  (nh);  its 
lower  end  traverses  the  abdominal  wall  to  be  inserted  into  the 
n  <>t  tin-  inguinal  region.  Apparently  this  gubernnculum  plays 
a  part  in  the  migration  of  the  sexual  organs.  Formerly  it  was  be- 
hVved  that  it  exercised  a  traction  upon  the  testis,  in  which  connection 


f .  223.— Human  embryo  of  the  fifth  month,  after  BRAMANX. 

Natural  size. 
/,  Rectum  ;  A,  testis  ;  nh,  epididymis  ;  si,  vas  deferens  ;  gh, 

gubernaculum  Hunteri  with  processus  vaginalis  peritonei ; 

bl,  bladder  with  lig.  vesico-umbilicale  medium. 
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directed  to  tlit-  mm  -iriate  mu>cl<-  lihres  contained  in 
it.  or  a  -hoi-telling  of  the  connect  ive  1 18806  coi  d  l»y  gradual  shrii. 
wa>  as-umed.  I'.nt  it  i-  impossihle  tor  thi-  \'-ry  important  change 
in  position  to  ha\e  taken  place  in  that  manner.  (  >ne  therefore 
rightly  s .  «-ks  t»»  explain  the  agency  of  tin-  ligament  in  another  \\a\, 
without.  assuming  an  acti\e  shortening  or  a  tract  ion  •  -1  hy 

muscular    action.       \\  e    have    to   do    here    -imply    with    proces- 
nnc(|ual  Drouth.     WlnMi.  out  of  several  organs  originally  lyin^  1  • 
one  another   in    th«-   .saint-    region    of   tin-    lio:ly.  cvrtaiii   ones  in    later 
months  of  nnhi-yoiiic   life   incrca-.-   in  si/r   Less,  \\liil--iith-rs.nn  t  h<- 
contrary,  «ji-ow  r.\t  i-aonlinarily  in    length,  the  natural  c'linsiMjut-r.. 
that  the  nioi-e  raj.i.lly  «rn»winjr  parts  are  >hove  1  ]  a-t  thos,-  that 


Tig.  224.     Two  diagrams  to  illustrate  the  descensus  and  the  formation  of  the  envelopes  of  the 

testis. 
A,  The  testis  lies  in  the  vicinity  .if  the  inner  abdominal   nil-.     B,  Tlu-  t.-t:>  lia 

8crot»ini. 
1,  Skin  «(  the  abdomen;  1',  scrotum  \\ith  tunica  .larto^;  '.'.  .Mipfi-tii-ial  at>,'nminal  fa- 

COOPER'S    fascia;    3,   mu>i-!.--lav..r   ami    fa>.  ia   tian-\n>a  al)d<>mini.^ ;   :/,  tunica   va- 

conimunis  \\itli  •  |«friti>n.-jim  ;   l'_  parietal  layer  <>f  tin-  tunica  va^iiiali>  ]ir.'jiria; 

4",  jK-ritniu-ai  in\i>tmcnt  of  the  testis  or  visceral  layer  of  the  tunica 
linal  or  abdominal  ring  ;  h,  testis  ;  *l,  vas  deferens. 

more  slowly.      If,  now,  in  the  present  case  the  skeletal  parts  and 

their  accompanying  niusclrs  in  the  luinhar  ami  p.-lvic  regions  liecome- 
eloiiiiated.  wliile  the  Ilunteiian   ligament  does  not  grow  and  ti 
fore  remains  short,  the  latter  m  ce>>  trily  —  !»• -cause  one  of  it-  end- 
is  attached  to  the  skin  of  the-  iniruinal   reirion  and  tlie  other  to  the 
testis  -drawfl  down    the  te.stis  as  the  ino\ahle  part;   it  dniws   the 
at   lir.st  gradually  into  the  cavity  of  the  fal>e  pelvis,  and  finally, 
when    the   other   paii>   have    IM-«-«, me  still    lartr-T.  whc-n   at    th< 
time  the  ahdominal  wall   ha>   hecome   much  thicker,  into  the  vicinity 
of  the  inner  ahdominal  rini:  (li^r.  223). 

The  testis  migrates  still  larther  in  con>e»|uenco  of  a  >econd  juvx-ess, 
which  hei^ins  ev«  n  in  the  >ccond  month.  Kor  th'-rc  is  formed  at  the 
}>lace  wliere  I!  r\  1 1 :i:'s  ligament  travel-so  the  wall  of  the  abdomen 
an  e\  agination  of  the  perifun'iim.  the  ^  /•(>-- ^  ''met 
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<ti<r.  224  A).      This  gradually  penetrates  the  abdominal  wall  and 

i  >  into  a  fold  of  the  >kin,  which  is  developed  in  the  pubic  region, 

M>  will  be  shown  in  a  subsequent  section  (see  tig.  231  gw).      The 

opening  of  tin-  hernia-like  evagination,  which  leads  into  the  body- 

cavity.  i>  called  the  him'i'  ht</uinal  [abdominal]  ring  (Ir)  ;  the  portion 

which  tra\er>«  >  t  he  musculature  of  the  abdominal  wall,  the  inguinal 

:  ;ind  tin-  blind  <-nd  which  is  expanded  within  the  dermal  fold, 

the  scrotum. 

In  its  migration  the  testis  (fig.  224  B)  also  sinks  down  into  this 
peritoneal  fold,  whereby  it  remains  undetermined  whether  HUNTER'S 
ligament  exercises  an  influence  on  it  or  not.  The  entrance  into  the 
inguinal  canal  usually  takes  place  in  the  eighth  month,  into  the 
M-rotum  in  the  ninth  month,  so  that  at  the  end  of  embryonic  life 
the  descent  is,  as  a  rule,  completed.  The  canal  then  closes  by 
fusion  of  its  walls,  and  thereby  the  testis  comes  to  lie  in  a  sac 
constricted  off  from  the  abdominal  cavity  and  enclosed  on  all 

sides. 

The  various  enveloping  structures  of  the  testis  also  become  intelli- 
gible from  the  sketch  of  the  development  just  given.  Since  tin- 
cavity  which  shelters  it  is  simply  a  detached  portion  of  the  body- 
cavity,  it  is,  as  a  matter  of  course,  lined  by  peritoneum  (fig.  224  4'). 
This  is  the  so-called  tunica  vaginalis propria,  on  which,  as  on  other 
regions  of  the  peritoneum,  we  have  to  distinguish  a  parietal  lay.  i 
(4')  lining  the  wall  of  the  sac  and  a  visceral  layer  (4")  investing  the 
testis.  Outside  of  this  follows  the  tunica  vaginalis  communis  (3') ; 
it  is  the  evaginated,  and  at  the  same  time  extraordinarily  attenu- 
ated, layer  of  muscles  and  fasciae  (3)  of  the  abdominal  wall.  Con- 
sequently it  also  contains  some  muscle-fibres  enclosed  in  it,  which 
are  derived  from  the  musculus  obliquus  abdominis  internus,  and 
i  itute  the  suspensory  muscle  of  the  testis  or  cremaster. 

In  the  descensus  testiculorum,  which  should  normally  be  com- 
pleted in  Man  at  the  end  of  embryonic  life,  interruptions  may,  under 
certain  circumstances,  occur  and  produce  an  abnormal  location  of  the 
te>tis.  which  is  known  under  the  name  of  cryptorchism.     The  do- 
remains  incomplete.     Then  the  testes  of  the  recently  born  child 
«ither  found  to  be  located  in  the  body-cavity,  or  they  still  stick  ta>t 
in  the  wall  of  the  abdomen,  in  the  inguinal  canal.      In  consequence 
lotum  feels  small,  flabby,  and  flaccid. 

Such  anomalies  are  designated  as  iiiliii>ifi»n  matybrmationti  l>e<.-au>e 
they  are  explained  by  the  fact  that   the  processes  of  development 
not  reached  their  normal  termination. 
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tomorpkosi*  in  tk   >  enxw  war  '«>,-»,„. 

The  in-  tamorphoekl  Ol  the  primitive  eml.ryonir  fun<lament>  in  the 
f.  male  i>  in  many  particulars  tin-  opposite  •  •!'  that  in  !h«-  male.  ina> 
iniieh  aa  ]'art>  \\hieh  a  iv  ma.  I  "' 

mentary  in  t  In- 
former, ami 

(com 

I  are  with  «>n«- 

a  not  her  t  In- 
<1  i  a  if  r  a  in  .s 
shtiwn  in  li.ir". 
L'l'.i,  222, 

in    ma  n 

duct 

tin-  vas  dt  t'rr- 
«-n>,  in  woman 
the  Miilh  lian 
,lnct  (li.-r.  225 
/.  /'/.  x/'/f  )  B4S- 

sumes  the  t'ui  ic- 

tl«'ll  of  COlMllR-t- 

iiiLC  awav  the 
OVa,  whilf  the 
in  r  sonephric 
«luct  (uy)  and 
the  primitive 
Uiilm-y  i'/',  /"/  1 
become  ru.li 


l  li  c 

ir 


Fig.  225.— Diagram  to  illustrate  the  development  of  the  female  sexual 
organs  of  a  Mammal  from  the  indifferent  fundament  of  the  uro- 
genital  system,  which  is  diagrammatic  ally  represented  in  fig.  219. 

The  persistent  parts  of  the  uri^iniil  fundament  are  nidi* 

tinuous   line-;,    the   parts  which  undergo  degeneration   by  .1 
lines.     Dotted  lines  are  also  employed  to  .-ition  which 

the  female  sexua !  .itei  -the  completion  of  the  descensus. 

••iMiophoron  ;  pa,  paioophnron  ;  l>y,  h\ 

t.  Fallopian  tu)'-  -•mephrie  duct  :  u!,  uteru- 

vagina  ;  hi,  ureter  ;  A6/,  urinaiy  Mai'der;  hi>''.  it-t  ujipt-r  tip,  which 
is  continuous  with  the  ligamentum  \esieo-umbilieale  medium;  h,\ 
-•ili-.ilum    \a','ii:i-:   /.,•.  i-o\iinl   ligament  (inguinal 
ligament  of  the  primitive  kidr.i-\  )  ;  /••',  liuaincntuin  ovarii. 

The   letters*',  ep',  ei',  lo'  :•  . - ^itioiis  of  the  organs  after  the 


mentary. 

The   prone- 
ff/n'fi.'    duct    in 

;til\;ni«T<l  liuinan  finl>ryo>  of  tin-  tnnalt-  >i-x  is  >till  «l«-iinni>t  ralilf  :«- 
an  incon>i  ii-uoii>  >trurtnn-  in  tin-  l)i-o;nl  li^ann-nt  ami  at  the  >i«le 
of  the  Utemsj  in  the  adult  it  ha>.  a>  a  rule,  entirely'  clisappt  an  d, 
exeej.t  il.«-  lerminal  portion,  whieh  i^  eneh  >e.l  in  the  suhstance  of 
the  m  ck  of  the  minis,  wli«  re  it  i-  disfcingmshable,  hut  only  hy 
m«a:  -MCtion>.  a-  an  .  \(  r.ionlinai  ily  narro\\  t  uhule  (BEIGEL, 

H.  DOHRN).      In  many  Mammals,  as  in   Ruminants  aiul   Swin<  . 
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mesonephric  duct>  persist  even  later  in  a  rudimentary  condition,  and 
an-  here  known  under  the  name  of  GARTNER'S  canals. 

There  are  to  be  distinguished  on  the  degenerating  primitive  kidney,  as 
in  Man,  an  anterior  and  a  posterior  region  (WALDEYER). 

The  anterior  region  (figs.  225  ep,  226  ep),  or  the  sexual  part  of  the 
primitive  kidney,  which  in  the  male  becomes  the  epididymis,  is  also 
n-t .-lined  by  the  female  as  an  organ  without  function  and  here 
becomes  the  parovarium  (ep),  which  was  first  accurately  described  by 
KOBELT  (the  parovarium  or  epobphoron  of  WALDEYER).  It  lies  in 

the  broad  ligament  (fig.  226) 
between  ovary  (ei)  and  Miillerian 
duct  (t),  and  consists  of  a  longitu- 
dinal canal  (ug),  the  remnant  of 
the  upper  end  of  the  mesonephric 
duct,  and  of  ten  to  fifteen  tr.-ms- 
verse  tubules  (ep).  The  latter 
have  at  first  a  straight  course, 
but  afterwards  become  tortuous 
(fig.  227  ep),  in  much  the  same 
way  as  the  canals  which  in  the 
male  are  converted  into  the  coni 
vasculosi.  The  comparison  be- 
tween parovarium  and  epididy- 
mis may  be  carried  still  further. 
As  in  the  male  tubules  grow  out 
from  the  latter  into  the  cortex 
of  the  testis  and  are  there  diHl- 
rentiated  into  the  rete  testis  and 
the  tubuli  recti,  so  there  are  also 
canals  found  in  the  female  which 
proceed  from  the  parovarium, 

enter  the  medullary  substance  of  the  ovary  itself,  and  form  here 
the  previously  (p.  381)  described  medullary  cords,  which  are  highly 
developed  in  many  Mammals. 

The  posterior  portion  of  the  primitive  kidney,  which  in  the  male 
(figs.  221  and  222  pa)  furnishes  the  paradidymis  and  the  vasa 
aberrnntia,  degenerates  in  the  female  (fig.  225  pa)  in  a  similar 
manner  into  the  paroophoron,  and  is  still  to  be  recognised  for  a  long 
time  iii  the  human  embryo  as  a  yellowish  body  (fig.  226  pa),  which 
inedianwards  of  the  epoophoron  (ep)  in  the  broad  ligament,  and 
is  c<  i  i'  small,  tortuous,  ciliate  tubules  (pa)  and  a  few 


Fig.  228.— The  internal  sexual  part*  of  a 
female  human  embryo  9  cm.  long,  after 
WALDEYER.  Magnified  10  diameters. 

ei,  Ovary  ;  t,  Miillerian  duct  or  oviduct  (Fallo- 
pian tube) ;  t',  ostium  abdominale  tubse  ; 
ep,  epoophoron  (=  epididymis  of  the  male 
—sexual  part  of  the  primitive  kidney)  ; 
ug,  mesonephric  duct  (vas  deferens  of  the 
male)  ;  pa,  paroophoron  (paradidymis  of 
the  male— rudiment  of  the  primitive 
kidney)  ;  mk,  Malpighian  corpuscles. 
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d.;.', -nerat  in--  \  a>cular  Lrlomei  uli  (ink).     Certain   oaoak  ami  cyst -like 
structures,  \vliich  are  often  t'«>un«l  in  tin-  broad  ligament  of  the  adult 
0  tin-  uterus,  are  to  l.e  referred  f «»  it. 

Tin-  two  .}/»//•  r/'d/i  -huts  (fig.  -I'.'  mg)i  which  from  the  beginning 

lie  iii  flu-    margin  of   tin-  peritoneal  fold  tliat  tin-  reception 

of  the  ovarv  and  >ul»-<e«|ueni  ly  become^  tin-  broad  ligament,  undergo 
a  very  profound  metamorphosis.  It  h:i>  already  U-.-n  mentioned 
that  a-  tliry  cnt.-r  the  LeBBOT  <>r  tnii-  ))»-lvi-  thry  a j.j.roacli  tin*  in«-dian 
{•lane,  and  art-  joined  to  the  gonital  cord.  \V«-  can  tln-r-  I 
tiiii,Miish  in  tlnMii  t  \vo  <litV«-r«-nt  n  Lrion-.  on*-  cnclt»<'d  in  the  Lr»inital 
cord,  the  other  lyin«:  in  thf  inaririn  of  the  broad  ligumei 


Fig.  227.—  Broad  ligament  with  ovary  and  oviduct  in  the  adult  condition,  seen  from  behind. 
ei,  Ovary  :  (.  oviduct  :  t'.  ostium  a1>.loiiiin:ili-  tulcr  with  tiinliri:*-  ;  /'..».  timhrise  ovarii ;  l.o,  liga- 

incntum  ovarii  ;  x,  a  portion  of  the  peritoneal  iin  in  order  to  see 

the  ei*xiphoron  (i>arovarium),  ep. 

latter  becomes  the  oviduct  (the  tnl>a  Fallopia-)  with  its  funnel-shaped 
beginning  (figs.  225  t,  220,  'I'll  t.  f' ).  The  anterior  end  of  the 
Miillerian  duc-t.  which  in  the  embryo  reaches  far  forward  and  i^ 
here  enclosed  in  the  diaphragmatic  ligament  of  the  primitive  kidney, 
appeals  in  the  meantime  to  degenerate,  whereas  the  permanent 
opening  (ii^s.  L'lT)  /an.l  -Jl'O  /',  is  prol.ahly  an  entirely  new  formation. 
MORGAGNI'S  hydatid  (fig.  2!  peiliaps  to  be  referred  to  the 

anterior  rudimentary  p:iri      the  conditions   hero   have  not    \ 
made  entirely  clear.     This  structure  is  a  small  \e>icle.  which  is  joined. 
by  means  of  a  longer  or  shorter  stalk,  with  one  of  the  timhrioe  of  the 
funnel-shaped  end  of  the  oviduct. 

Out  of  the  part  of  the  Miillerian  duct>  enclosed  in  the  genital 
cord  (fig.  219  mg)  are  formed  the  uterus  and  the  vagina  (fig.  225  ut 
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;nul  sch),  as  THIERSCH  and  KOLLIKER  have  shown  for  Mammals,  and 
as  DOHRN  and  TOURNEUX  ET  LEGAY  afterwards  showed  for  Man. 
Their  formation  is  accomplished  by  a  process  of  fusion,  which  in 
Man  is  effected  in  the  second  month.  When  the  Miillerian  ducts 
(fig.  228  mg)  are  closely  pressed  together,  the  partition  between  them 
becomes  thin  and  breaks  through — at  first  in  the  middle  of  the  genital 
cord.  Thus  there  is  developed  out  of  them  by  an  extension  of  this 
process  a  single  sac  (the  sinus  genitalis),  which  is  also  established  in 
the  male  as  a  rudimentary  organ,  the  previously  mentioned  sinus 
prostaticus  or  uterus  masculinus  (fig.  222  um).  In  woman  it  begins 
to  be  differentiated  in  the  sixth  month  into  uterus  and  vagina.  The 
upper  portion,  which  receives  the  oviducts,  acquires  very  thick, 
muscular  walls  and  a  narrow  lumen,  and  is  limited  below  by  a  re- 
entering  ring-like  ridge — that  becomes  the  vaginal  portion  [of  the 
uterus] — from  the  lower  portion,  the  vagina,  which  remains  spacious 
and  possesses  a  thinner  wall. 

Similarly  to  the  testis,  the  ovaries  also  have  to  pass  through  a  con- 
siderable change  in  position  :  the  descensus  ovariorum  (fig.  225  ei',  t'), 
which  corresponds  to  the  descent  of  the  testes.  In  the  third  month 
of  embryonic  life,  at  the  time  when  the  primitive  kidney  begins  to 
disappear,  the  ovaries  move  from  the  region  of  the  lumbar  vertebrae 
down  into  the  false  pelvis,  where  they  are  found  medianwards  from 
the  musculus  psoas.  Probably  the  above-described  inguinal  ligament 
of  the  primitive  kidney  (fig.  225  rm},  which  is  not  wanting  in  the 
female,  participates  in  the  change  of  position  in  this  case  also.  As 
WIEGER  has  recently  shown,  the  ligament  is  differentiated  into  three 
distinct  regions  by  the  fact  that  it  acquires  a  firm  union  with  the 
Miillerian  ducts  at  the  place  where  they  meet  to  form  the  sexual 
cord.  The  uppermost  region  becomes  a  strand  of  non-striate  mu 
fibres,  which,  arising  from  the  parovarium,  is  imbedded  in  the  hilus 
of  the  ovary.  This  is  continuous  with  the  second  region,  or  the 
ligamentum  ovarii  (lo1),  and  the  latter  with  the  round  ligament  (rm) 
(ligamentum  teres  uteri).  The  round  ligament,  produced  from  the 
third  and  most  developed  region  of  the  inguinal  ligament,  extends 
from  the  upper  end  of  the  genital  cord  to  the  inguinal  region.  I 
there  is  usually,  as  in  the  male,  a  small  evagination  of  the  peritoneum, 
the  processus  vaginalis  peritonei,  which  occasionally  persists  even  in 
tin-  adult  as  the  divertictilum  Nuckii,  and  then  may  likewise  be  the 
cause  of  the  formation  of  an  inguinal  hernia  in  the  female.  At  this 
place  the  round  ligament  passes  through  the  wall  of  the  abdomen 
and  ends  in  the  external  skin  of  tlio  lal»i;i  majora. 
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In  it-  lasi    -t;iLr'--  Hie  descent  in  the  female  •••mpli>heii  in 

a  manner  dillerent  from  that  in  the  male.  For  in-i  e.-id  uf  ad\  ancing 
like  the  teste^  toward  the  inguinal  region,  the  n\;irie>,  \\h--n  tin- 
development  i-  normal,  sink  down  in  .  i  he  t  rue  pel\  i  I 
they  are  endowed  between  Madder  and  rectum  ill  the  I. load  ligament, 
which  is  de\eloprd  out  of  the  peritoneal  folds,  and  in  which  originally 
the  primitive  kidney-,  the  and  the  Miillerian  ducts  are 
imbedded. 

Naturally  the   round    ligament    cannot   be  of  influence  during  t  his 
6   of  the   ile-eent    in    the   female,    because    it    can    exercise   a 
traction   only    in    the   direction   of   the    inguinal    region,    whe 
attadii  d.      The  d«  >c>  nt   in'o  ihe  true  p:-lvis  seems  rather  to  be  d 
the  conversion   of  the  lower  region  of  the    Miillerian   ducts   into  the 
uterus.      At  any  rate,  t  he  ovaries  are  joined  to  the   uterus   by  means 
of  a  linn  cord   of  connective   tissue, 
the  ligament  inn  ovarii. 

In  rare  cases  in  the  female  the 
o\aries  can  continue  to  change  their 
position  in  a  manner  corresponding 
to  that  in  the  male.  They  migrate 
then  toward  the  inguinal  region  up 
to  the  entrance  into  the  proressii- 

xa-inalis  (divertirulum    Nurkii);   Or-        ^  228. -X)ro.s  action  through  the  geni- 

tal  cord,  after  T«>' 
casionallvthev  here  cease  to  advance.       Th*  eras  Mottoa  ,,f  the 

but  sometimes  theventer  fart  her  into  *  t,ll,rian  duct.  <».„);  ,«.,.  nuw,,,,,,hri,. 

the  abdominal  wall  thnn:ijh   the   in- 
guinal canal  ;    indec  d.  as  has  been  observed  in  several  instances,  they 
ran  pass  quite  through  the  wall  of  the  abdomen  and  at    last    imbed 
themselves  in  the   labia  majora.     The  latter  then  acquire  a  great 
similarity  to  the  scrotum  of  the  male. 


(i)    The  Development   of  the   External  Sexuxl 
The   M'ciion    which   deals   with    the   urinary   and   s.  :  xuai    < 


really  the  most  suitable  jdare  at   which  to  introduce  the  development 

of  the  external  >e\ual  organs,  notwithstanding  they  do  not  arise 
from  the  middle  «;,.,-,,,  layei-.  but  in  part  from  •  and  in  part 

from  the  inner  .L'erm-layer.  I  n  order  to  give  an  exhaust  ive  account 
of  them,  we  must  go  kick  to  rat  her  early  Mnu'ex  ,.f  development  — 
to  the  time  when  in  the  embryo  the  \Yoltlian  and  .Miillerian  ducts 
are  tstal.lished.  Havinir  first  arisen  in  the  most  anterior  part  of  the 
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embryo,  they  grow  backwards  to  the  terminal  part  of  the  intestine, 
and  there  implant  themselves  in  the  allantois.  This  is,  as  we  have 
seen  in  the  first  part  of  this  text-book  (fig.  132,  3  and  4  al),  an 
organ  which  is  produced  by  evagination  of  the  anterior  [ventral]  wull 
of  the  hind  gut.  In  most  Mammals  (figs.  134  al  and  142  ALC)  it 

attains  during  embryonic 
life  a  quite  extraordinary 
development,  for  it  grows 
out  of  the  body-cavity, 
penetrates  between  the 
other  foetal  membranes, 
and  is  distended  into  a 
large  vesicle,  which  re- 
ceives the  urinary  fluid 
secreted  by  the  embryo. 
The  part  of  it  which  lies 
in  the  body-cavity  remains, 
on  the  contrary,  narrow. 
The  terminal  part  of  it 
which  receives  the  Wolffian 
and  Mullerian  ducts  is 
called  sinus  urogenitalis 
(fig.  219  sug  and  229  ug), 
a  structure  which  will  often 
demand  our  attention  in 
considering  the  develop- 
ment of  the  external  sexual 
organs. 

The  sinus  urogenitalis 
and  the  hind  gut  unite 
to  form  a  short,  unpaired 
region,  the  cloaca  (fig.  229 
cl),  a  small  depre> 
which  opens  out  at  the 
surface  of  the  body  and 

in  very  many  Vertebrates — in  the  Amphibia,  Reptiles,  Birds.  ;m<l 
the  lowest  Mammals,  the  Monotremas — persists  throughout  life. 
In  the  remaining  Mammals,  however,  these  structures  have  only 
an  embryonic  existence.  In  the  first  case  .all  the  elimination  - 
products  of  the  body  are  conducted  to  the  outside  through  the 
cloaca, — out  of  the  hind  intestine  the  freca!  masses,  out  of  the 


Fig.  229.— Diagram  of  the  urogenital  organs  of  a 
Mammal  at  an  early  stage,  after  ALLEX  THOMSON  ; 
from  BALFOUR. 

The  part*  are  Been  chiefly  in  profile,  but  the  Mullerian 
and  Wolffian  ducts  are  seen  from  the  front. 

3,  Ureter  ;  It,  urinary  bladder  ;  5,  urachus ;  ot,  genital 
gland  (ovary  or  testis) ;  W,  left  Wolffian  body 
(primitive  kidney) ;  x,  its  diaphragmatic  ligament ; 
Wolffian  (meaonephric)  duct;  m,  Mullerian 
duct ;  ye,  genital  cord  consisting  of  Wolffian  and 
Mullerian  ducta  enveloped  in  a  common  sheath; 
i,  rectum  ;  ug,  urogenital  sinus  ;  cp,  genital  emin- 
ence, which  becomes  the  clitoris  or  penis;  U,  genital 
ridges  from  which  the  labia  majora  or  the  scrotum 
are  developed. 
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sinus  nro-eiiitalis  the  urinary  fluid  ami  the  male  or  female  .-«-xual 
products. 

it    far   as    regard.-    the    special    eondit  i«  >n-    in     Man.    tin-    allai. 
remains  in  his   case  very  small  dig.    !•"•-.    ~>  "^  .-ind    pn>- »«ss««s  a  lumen 
ill  tin-  region  of  the  body-cavity  *»/////.  whereas   in    the   umbilical    cord 
and    between    the  remaining   f«etal    membram  s  only   its  connective 
ti.— in-  part,  together  \\ith    tlie  blood- v«--.-el-.  which   shares   largely   in 
the    development    «»t'    tin-    placenta.    im>\\s   fuitht-r.       In    the    second 
montli    its    hollow    part,    lying  on   th«-   front    wall    of   the  abdomen. 
becomes  a  spindle-shaped  body  .<.     lt>  middle  i-nlar^" 

becomes  tin1  urinary  hlaildt-r  (  , ),  it-  upward  prnlnn^'at  ion,  which 
tvachrs  to  the  navel,  is  called  urachus  (5),  the  other  end  (/"/)  is  the 
Minis  tiroio-iii'talis.  The  urachu>  degenerates  during  eml  ryonic  lit'. 

furnislies  a  connect  ive-ti>sue  cord,  the  ligament  um  \e-icoumhilicalf 
inediuni.  which  extends  from  the  apex  of  the  bladder  (tiir.  L'l'.i  ///*/') 
to  the  navel,  ami  often  in  the  lii  ,t'ter  lurth  still  contaii. 

epithelial  cord,  a  remnant  of  the  original  epithelial  canal. 

Afl  is  well  known,  the  ureters  (figg,  L'J'J  3  and  iMU  /</')  in  the  adult 
open  close  together  at  the  posterior  surface  of  tin-  uiinary  l>]ad«ler 
•4).  In  very  young  embryos  this  is  not  the  ca>o  nt  iir>t,  for  the 
two  ureters  arise  from  the  posterior  part  of  the  mesoiu-phric  duct, 
and  this  opens  into  the  sinus  urogrnitalis.  \\nt  this  condition  is 
soon  altered.  The  ureter  splits  off  from  the  mesonephric  duct, 
and  comes  to  open  independent  ly  into  the  posterior  wall  of  the  sinus 
urogenitalis.  fiom  which  it  afteruards  becomes  gradually  rem. 

its  oriliiv.  M  i'  were,  cieeps  higher  up  on  the  posterior  wall  of  the 
bladder.  Like  the  change  in  the  position  of  the  sexual  glands,  we 
must  also  conceive  of  this  shifting  as  produced  by  processes  of  growth 
in  Mich  a  way  that  especially  the  tract  between  mesonephric  duct 
and  ureter,  which  is  at  first  small,  increases  in  >i/.e,  and  t  hereby 
produces  the  apparent  upward  migration  of  the  opening  of  the 
ureter. 

hi  tho  sixth  week  the  cloaca  in  .Man  undergoes  alterations  which 
are  connected  with  the  development  of  the  external  sexual  organ-. 
The  cloacal  depression,  which  in  earli 

lissure-like,  atteruards  becom--  itiif.  •_.':'•<>  /!  \  surionnded  by  a  rin--- 
like  fold,  the  genital  ri-:  and  there  al- 

portion  a  growth  of  CXmnective  tlflSUe,  which  produce-  the   externally 

protruding  genital  eminence  Along  the  lower  surface  ot  the 

latter  there  is  formed  al  thesametin  -/M,  which  extend* 

downward  to  tlu-  cloaca,  of  which  it  is,   ;i-   it    \\ere.  the   continuatiuii. 
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In  the  following  weeks  of  development  the  eminence  protrudes  still 
more,  and  thereby  becomes  converted  into  the  genital  member,  which 
is  at  first  possessed  by  both  sexes  in  the  same  condition ;  meanwhile 
the  groove  (gr)  on  its  under  surface  becomes  deeper,  and  surrounded, 
at  the  right  and  left,  by  projecting  folds  of  the  skin,  the  genital 
folds  (gf).  (Compare  also  the  diagrams  fig.  219  gho,  gw,  cl'  and 
fig.  229  cp,  Is,  cl.) 

Alterations  follow  (fig.  231  M  and  IF)  by  which  the  cloaca  is 
differentiated  into  two  openings,  one  lying  behind  the  other,  the  anus 
(a)  and  the  separate  urogenital  opening  (ug).  The  deep  partition 
(fig.  229)  by  which  the  sinus  urogenitalis  and  the  rectum  are  separated 
from  each  other  begins  to  grow  outward,  and  at  the  same  time  folds 
al>o  arise  on  the  lateral  walls  of  the  cloaca  and  unite  with  it.  Thus 
a  membrane  (fig.  231  d)  is  developed  which  separates  a  posterior 
opening  (a),  the  anus,  from  an  anterior  opening,  the  entrance  to 
the  sinus  urogenitalis  (ug).  Inasmuch  as  this  partition  continues  to 
become  thicker  up  to  the  end  of  embryonic  life,  it  finally  crowds  the 
two  openings  far  apart  and  forms  between  them  the  perinseum  (fig. 
L'.'J  1  M*  and  IF*  d).  In  this  way  the  anus  (a)  moves  entirely  out  of 
the  territory  of  the  previously  mentioned  genital  ridge  (fig.  230  gw). 

From  the  fourth  month  onward  great  differences  arise  in  the  develop- 
ment of  the  external  sexual  parts  in  male  and  female  embryos. 

In  the  female  (fig.  231  W  and  W*)  the  metamorphoses  of  the 
originally  common  embryonic  foundations  are  on  the  whole  only 
slight ;  the  genital  eminence  grows  only  slowly  and  becomes  the 
female  member,  the  clitoris  (cl).  Its  anterior  end  begins  to  thicken 
and  to  be  marked  off  from  the  remaining  part  of  the  body  as  the  glans. 
By  a  process  of  folding  in  the  integument  there  is  developed  around 
it  (fig.  231  W*  vh}  a  kind  of  foreskin  (the  praeputium  clitoridis). 
The  two  genital  folds  (IF gf),  which  have  bounded  the  groove  on  the 
under  surface  of  the  genital  knob,  take  on  a  more  vigorous  develop- 
ment in  the  female  than  in  the  male,  and  are  converted  into  the  hil'm 
minora  (W*  ksch).  The  space  between  them  (W  ug),  or  the  sinu- 
urogenitalis,  which  receives  the  outlet  of  the  urinary  bladder  and 
the  vagina  developed  by  the  fusion  of  the  Mullrrian  ducts,  is  called 
tin-  /••. -7 //,,//,////  i-ayincK  (W*  vv).  In  the  female  the  genital  ridges 
(W  gw),  owing  to  the  deposition  of  fatty  tissue,  become  very  volu- 
minous, and  are  thus  converted  into  the  labia  majora  ( W*  gsch). 

The  corresponding  fundament-  JM-S  through  much  more  essential 
niH.i  jihox-s  iii  tin-  male  (fi<r.  L'.°»I  M  and  M*).  By  an  extra- 
ordinarily vigorous  gro\\th  in  Irngth  tin1  genital  eminence  is 
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Fig*.  230  and  231.  -  Six  stages  in  the  development  of  the  external  sexual  organs  in  the  male  and 

the  female,  aft-  r  i 
Fig.  •_'<(.>  J  ;i:ul  /<'.   -T\\.-  >t:ii,'w  in  which  ;i  <l  I  •••  recognised, 

.fl  ftuiii  ;ni  eiubiy.' 

1.—  The  twos'.ajfs  M  .\-\d  M-  .-\liil.it  the  i,  '..•  oii-in.il  fundainfiit  in 

the  male  in  i-iubry...-, -.'J  ;uul  :<  n.i.nt!.- i.I.l  H>IK-<';I\ i-ly  ->i  the 

llietuiu<>ii>*.,.>is  111  tin.-  tVlii:il.'  (_'J  ali.l    i 
The  .^inie  tk^igiKiti"ns  arc  iiseil  for  all  of  the  figures. 

ke,  Posterior  paired  extremity;  ./...  r!«..».-;i  :  .••'.  -.-mial  riiuin-ii,  .il  fold;  gr,  genital 

it.il  ritlge^  ;  >jt).  ^lans  i»'iiis  ;  d.  <  '.  amis  ;  w^,  entrance 

to  sinus  un^eni tails  or  vi-s'.ibuhiin  :..reskin  (prepuce)* 

lit,  scrotum  :  ../  t£-  ;•.  raphe  i^rinei  a:  ,  labia  minora. 
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converted  into  the  male  meinler,  or  the  penis,  which  corresponds  to 
the  clitoris  of  the  female.  Like  the  latter,  it  possesses  an  anterior 
knob-like  enlargement,  the  glans  (M  gp),  which  is  embraced  by  a 
fold  of  the  skin,  the  praeputium  (M*  vh).  The  sinus  urogenitalis, 
which  in  the  female  remains  short  and  broad  as  the  vestibulum 
vaginae,  is  in  the  male  converted  by  a  process  of  fusion  into  a  long 
narrow  canal,  the  urinary  tube  or  urethra.  This  results  from  the 
fact  that  the  furrow  on  the  under  surface  of  the  genital  protuberance 
(M gr)  becomes  elongated  during  the  development  of  the  latter  and 
at  the  same  time  deeper,  and  that  the  sexual  folds  (qf)  bordering  it 
protrude  farther,  coming  into  immediate  contact  along  their  edges 
(M*)  as  early  as  the  fourth  month,  and  begin  to  fuse  together. 

The  posterior  end  of  the  urethra  early  (second  month)  undergoes 
changes  by  which  the  prostata  (fig.  222  pr)  is  formed.  The  walls 
become  greatly  thickened,  acquire  non-striate  muscular  tissue,  and 
constitute  a  ring-like  ridge,  into  which  evaginations  from  the  epi- 
thelium of  the  tube  penetrate,  and  by  their  branchings  furnish  the 
glandular  portions  of  the  organ.  On  its  posterior  wall  are  found,  as 
is  well  known,  the  openings  (dej)  of  the  vasa  deferentia,  and  between 
them  the  sinus  prostaticus  or  uterus  masculinus  (urn),  produced  by 
the  fusion  of  the  Miillerian  ducts. 

The  genital  ridges  (fig.  231  M  gw),  which  in  woman  become 
the  labia  majora,  also  undergo  a  fusion  in  man.  They  surround 
the  root  of  the  penis  and  then  fuse  in  the  median  plane,  where 
the  place  of  union  is  indicated  afterwards  by  the  so  called  raphe 
scroti  (M*r).  Into  the  scrotum  (M*  hs)  thus  formed  the  testes, 
toward  the  end  of  embryonic  life,  migrate,  as  previously  described. 

From  the  fact  that  originally  the  external  sexual  parts  are  con- 
stituted exactly  alike  in  both  sexes,  it  is  evident  why,  with  a 
derangement  of  the  normal  course  of  development,  forms  come  into 
existence  in  which  it  is  sometimes  extremely  difficult  to  determine 
whether  one  has  to  do  with  male  or  female  external  parts.  These 
are  cases  which  in  earlier  times  were  erroneously  designated  as 
hermaphroditism.  There  are  two  ways  in  which  they  may  ft] 
They  are  either  to  be  referred  to  the  fact  that  in  a  female  tin- 
process  of  development  has  proceeded  further  than  normally  (i.e., 
ns  in  the  male),  or  that  in  a  male  the  process  of  development  li.is 
suffered  an  early  interruption,  and  thereby  led  to  formations  which 
are  similar  to  the  female  genital  pat 

As  far  as  regards  the  first  kind  of  malformations,  the  genital 
eminence  in  the  female  occasionally  assumes  Mich  a  size  and  form 
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that  it  resemMes  in  every   particular  tin-   male  01 

Man-  .  when  tie  •   tin* 

Lngninal  region  instead  of  the  true  pel\i-,  pa»  through  the  \\ull  of 

the  abdomen,  and   h,  come    imhedd'd    in   the    lalii    inajora.      In  Con- 
S«MJIH  net'  of  tin-  the  latter  lie  upon  tin-  r<  and 

simulate  a  kind  of  scrotum. 

The  malformations  which  have  given  MOMMM  for  tin-  ussump1 
of  hermaphroditism  are  of  ntoiv  fi-.  .pient  occurrence  in  the  male. 
The\  are  attributable  to  the  fact  that  the  processes  of  tu-ion  which 
normally  take  place  arc  interrupted.  Wo  then  have  a  genital 
member,  \\liicli  ordinarily  is  rudimentary,  along  the  under  side  of 
•which  there  runs  only  a  furrow  in>t«-ad  of  the  urethra,  a  malforma- 
tion uhich  is  designated  as  hypotpadicu.  With  this  morphological 
detii-ieiu'v  may  be  united,  secondly,  an  urn -.-I  of  the  normal  descent 
of  the  testes.  The  latter  remain  in  the  body-cavity,  and  the  genital 
ridges  thus  acquire  a  great  similarity  to  the  labia  majora  of  the  female. 

III.  The  Development  of  the  Suprarenal  Bodies. 

The  discussion  of  the  suprarenal  l»odi»-  bed  fellows  that  of  the 
uioirenital  system.  For,  aside  from  the  fact  that  the  Miprarenal 
bodies  and  the  genito-urinary  nri:an>  are  in  all  Vertebrate-  very 
closely  connected  spatially,  they  al>o  appear  to  stand  in  verv  rlu-n 
i  el  at  ion  to  each  other  in  the  history  of  their  development.  At  least 
the  recent  investigations  of  WELDON,  JANOSIK,  and  Mm M.KOVICS 
point  that  \vay,  and  are  perhaps  also  suilicient  to  suggest  the  dii>  ction 
of  the  })h\>iol'>-i(-;il  research  by  which  one  can  acquire  an  explanat  ion 
concerning  the  ever  problematic  function  of  these  bodies. 

As  is  well  known,  there  are  to  be  distinguished  in  the  suprarenal 
bodies  two  different  substances,  which  in  Mammal-  are  <le>cril>ed, 

'iding  to  their  mutual    relation-,  as   medulla   and  cortex. 
in\c-ti-  ribe  to  them  a  double  origin.      BALFOUR,    BHAI  v 

KuLLIKEi;.  and  MII-IKI  iti  make  the  medulla  ari.-e  from  the  pinir- 
lionic  fui i« lament.^  of  the  sympath«-!ii-  uer\c  i  i-u nk  H  H-en/.strang), — it 
is  for  this  reason  that  in  many  text-books  the  suprarenal  bodi< 
treated  of  in  connection  with  the  sympathetic, — but  (Jn'iTsi  IIAI  and 
.IANOSIK  controvert  thi>  ;  they  maintain  that  only  certain  •raiiglinnir 
cells  and  nerve-fibres  grow  in  from  the  sympathetic,  but  that  the 
real  medullary  cell>  ari-e  by  a  metamorphosis  of  cortical  cell-.  Jt 
appears  tome  from  the  exi-tin--  in\  «->t  iirations  that  the  ipie-tion  is 
not  ready  for  discussion. 
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There  are  also  two  different  interpretations  concerning  the  develop- 
ment of  the  cortical  substance.  BALFOUR,  BRAUN,  BRUNN,  and  MIT- 
SUKURI  derive  it  from  accumulations  of  connective-tissue  cells,  which 
are  formed  at  the  anterior  portion  of  the  primitive  kidney  along  the 
course  of  the  inferior  vena  cava  and  the  cardinal  veins.  According 
to  JANOSIK,  WELDON,  and  MIHALKOVICS,  on  the  contrary,  the  cell- 
accumulations  are  either  directly  or  indirectly  formative  products  of 
the  epithelium  of  the  body-cavity.  I  say  "  direct  or  indirect "  because 
in  details  the  results  of  the  three  investigators  named  differ  somewhat. 
According  to  JANOSIK  and  MIHALKOVICS,  it  is  the  germinal  epithelium 
in  the  anterior  portion  of  the  genital  ridge  that  furnishes  by  its 
proliferation  the  material  for  the  suprarenal  body.  MIHALKOVICS 
therefore  calls  it  "  a  detached  part  of  the  sexually  unduTerentiated 
genital  gland,  which  consequently  remains  at  a  primitive  stage  of 
development."  WELDON,  on  the  contrary,  brings  the  suprarenal 
body  into  relation  with  the  most  anterior  part  of  the  primitive 
kidney.  According  to  his  representation,  which  appears  to  me  to 
deserve  especial  consideration,  and  from  which  indeed  other  researches 
will  have  to  begin,  the  sexual  cords  of  the  primitive  kidney  are  concerned 
in  the  formation  of  the  suprarenal  bodies.  When,  at  the  head-end  of 
the  kidney,  they  sprout  out  of  the  epithelium  of  the  Malpighian 
glomerulus  in  the  manner  previously  (p.  383)  described,  they  divide 
into  two  branches.  One  of  these  grows  ventrally  into  the  fundament 
of  the  sexual  gland,  the  other  turns  dorsally  and  spreads  out  in  the 
vicinity  of  the  vena  cava. 

Moreover,  even  MIHALKOVICS  describes  a  connection  of  the  sexual 
cords  with  the  fundament  of  the  suprarenal  body  at  certain  pi 
but  makes  both  arise  from  proliferations  of  the  epithelium  of  the 
body-cavity.     The  connection  is  subsequently  destroyed  by  the  intrr- 
polation  of  blood-vessels. 

For  the  solution  of  the  still  pending  questions  most  is  to  be  expected 
from  the  investigation  of  non-amniotic  animals. 

During  its  development  the  suprarenal  body  is  for  a  time  of  v«-ry 
considerable  size.  In  Mammals  it  temporarily  covers  the  much 
smaller  kidney,  as  in  the  human  embryo  of  the  eighth  week  repre- 
sented in  fig.  220,  in  which  at  the  left  the  supra n  mil  body  (n, 
to  be  seen  in  its  normal  position,  whereas  on  the  right  it  has  been 
removed  to  disclose  the  kidney  (n).  Afterwards  its  growth  does  not 
keep  ]>;K •••  with  that  of  the  kidney;  however  at  birth  (fig.  208),  when 
it  aliv.nly  n  *ts  upon  the  latter  (n)  as  a  crescentic  body  (?tn),  it  still 
is  larger  in  comparison  with  the  kidney  than  it  is  in  the  adult. 
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During  it-  d  v.-l. .pun -nt  some  small    porti..ii 

tin-  su]ir:nvn:il  cortex  appear  sometimes  to  detach  themselves  and  to 

ivmain  in  tin-  vicinity  of  tiic-  sexual  organs,  in  who-.-  migrations  they 

participate.     Thus.  indeed,  are  to  he  explained  the  accessary  «/;</</- 

rved   by    MARri!\\i»  at    the   margin  of  the  br<  a.) 

ligament* 

Sl   MM  \I!Y. 

1.  The    following  structure.-  are  to  be  interpreted   as   formative 
products  of  the  middle  germ-layer  :  the  epithelium  of  the  body  cavity 
(of  the  pericardium,  of  the  thoracic  and  abdominal  cavities,  of  the 
i  a\  ity  of  t  he  scrotum),  the  whole  of  the  transversely  striped,  voluntary 
musculature,  the  seminal  cells  and  ova,  the  epithelium  of  the  sexual 
glands,  of  the  kidneys  and  their  outlets,  and  the  cortical  cords  of  the 
suprarenal  bodies. 

The  Development  of  (//• 

2.  The  musculature  of   the  trunk  is  developed   exclusively  from 
,  the  cell-layer  of  the  primitive  segments  that  abuts  upon  the  chorda 

and  neural  tube,  which  by  the  formation  of  muscle-fibrillae  is  con- 
verted into  a  muscle-plate. 

3.  The    muscle-plate    enlarge*    dorsally    and    ventrally,   where   it 
becomes  continuous  (zone  of  growth)  with  the  outer  (lateral)  epi- 
thelial layer  of  the  primitive  segment,  and  spreads  itself  out  over 
the  neural  tube  above  and  into  the  walls  of  the  abdomen  belo\v. 

4.  The  original  musculature  consists  of  segments  of  longitudinal 
fibres  (myomeres),  which  are  separated  from  one  another  by  connec- 
tive-ti>-ue  partitions  (ligamenta  intermuscularia  ». 

5.  The  musculature  causes  the  first  segmentation  of  the  body  of 
Vertebrates  into  equivalent  successive  parts  or  metameia. 

6.  Buds  grow   out  from    the  muscle-plates  (Selachians)  into   the 
fundaments  of  the  limbs,  and  thus  furnish  the  foundation  for  the 
whole  musculature  of  the  extremities. 

7.  In  the  head-region  of  Vertebrates  the  musculature  is  developed 
not  only  out  of  the  primitive  segments,  the  number  of  which  in 
Selachians  amounts  to  nine,  but  also  out  of  that  part  of  the  middle 
germ-layer  which  corresponds  to  the  lateral  plates  of  the  trunk,  and 
which  is  divided  up  by  the  formation  of  the  visceral  clefts  into  sepa- 
rate visceral-arch  cords,  which  in  the  Selachians  are  provided  with 
cavities. 
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8.  From  the  primitive  segments  of  the  head  are  formed  the  muscles 
of  the  eyes,  and  from  the  visceral-arch  cords  the  masticatory  muscles, 
the  muscles  of  the  hyoid  arch  and  also  those  of  the  small  bones  of  the 
ear(?). 

The  Development  of  the  Urogenital  System. 

9.  The  first  fundament  of  the  urogenital  system  is  the  same  in 
both  sexes:  it  consists  of  (1)  three  pairs  of  canals — the  mesonephric 
duct,  the  Miillerian  duct,  and  the  ureter;  (2)  four  pairs  of  glands — 
the  pro-,  meso-,  and  metanephros  and  the  sexual  gland,  which  at  first 
is  indifferent. 

10.  The  mesonephric  duct  arises  in  its  most  anterior  part  out  of 
a  groove-like  evagination  or  a  ridge-like  thickening  of  the  parietal 
middle  layer ;  posteriorly  it  detaches  itself  from  its  parental  tissues, 
fuses  with  the  neighboring  outer  germ-layer,  and  thereby  forms  at 
first  a   short,  tubular  communication  between   the  ccelom  and  the 
surface  of  the  body. 

11.  The   mesonephric   duct   is   gradually  converted   into   a  long 
canal,  inasmuch  as  it   grows   backward   on  the   outer   germ-layer, 
which  forms  a  thickened  ridge,  until  it  opens  out  into  the  cloaca 
(terminal  part  of  the  hind  intestine). 

12.  The   pronephros  (head-kidney)   is   developed  at   the  anterior 
part  of  the  mesonephric  duct  in  the  following   manner :   the  duct, 
upon  being  constricted  off  from  the  parietal  middle  layer,  remains  in 
connection  with  the  latter  at  several  places,  and  the  resulting  cords 
of  connection  grow  out  into  long  pronephric  tubules,  at  the  inner 
openings  of  which  an  intraperitoneal  vascular  glomerulus  is  estab- 
lished out  of  the  wall  of  the  body-cavity. 

13.  Behind   the  pronephros   the  mcsonephros   (primitive  kidney) 
:iri-t.-s  thus:  when  the  primitive  segments  are  constricted  off  from 
the  lateral   plates,   segmentally   arranged   cellular   tubes   or   cords 
(nephrotome)  are  formed,  which  communicate  at  one  of  their  ends 
with  the  body-cavity  and  at  their  other  ends  put  themselves  into 
connection  with  the  laterally  situated  mesonephric  duct  and  become 
the  mesonephric  tubules.     (Development  of  Malpighian  corpuscles, 
of  secondary  and  tertiary  mesonephric  tubules  and  the  glomeration 
of  the  latter.) 

14.  In  the  higher  Vertebrates  the  development  of  the  primitive 
kidney  is  to  a  certain  extent  abbreviated,  in  so  far  as  the  separate 
cords  of  cells  which  arise  at  the  constricting  off  of  the  primitive 
segments    lie   very   close   together    and    constitute  an   apparently 
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undilltMvntiated  e.-11-mass  (the  middle  plate  Of  'In-  m.--.n,.phnc 
blastema),  out  of  which  (lie  mcsonephric  tuhules  subsequently — 
\\l,en  they  l>ecome  clearly  dist in^ui.-habl'-  bo  have  been 

differentia 

15.  Jn  a  part  of   (In-   nmt-ainniot  ic  Vertebrates  (some  Selaeln 
Amphibians)    tin-   pi  iinit  ive    kidney  n-mains   in   open   communieat  ion 
with  (lie   ho.ly-cavity  hy  means  <  f   numerous  riliate  fimne's  mephro- 
stomes),  whereas    in    all    Amn:.,!;i    i  he    me-onephric,    tulmles    early 
surrender  their    genetically  e-t  iMi-lied   emmet-i  i  >n   with    tlio    l»o«ly- 
eavity  through  the  disappearance  of  the  cili  it<-  t'unnel>. 

16.  The   permanent   kidney    (metanephroe)  is   the    latest  to  be 
formed  and  takes  its  origin  from  two  separate  j-aits  : — 

(a)  From   an  t-va^ination  of  the  end  of   (lie   inesonephric  duct, 

which  furnishes  the  ureters,  the  pelvis  of  the  kidney,  and 
the  straight  urinary  tubules  (in  other  words,  the  efferent 
apparatus)  ; 

(b)  l-'rom  a  renal   blastema,  which  represents  a  backward  pro- 

longation of  the  mesonephric  blastema,  has  the  -auie 
origin  as  the  latter,  and  is  converted  into  the  tortuous 
urinary  tubules  with  the  Malpighiau  corpuscles  (therefore 
the  secretory  part  of  the  kidney). 

17.  The  fundaments  of  the  kidney,  which  have  arisen  far  luck  in 
the  body,  rapidly  increase  in  M/.e  and  undergo  a  change  of  position 
by  moving  farther  forward  by  the  side  of   the  primitive   kidneys, 
whereby  the  ureter  becomes  wholly  detached  from  the  mesonephric 
duct  and  moves  to  the  posterior  [dorsal]  surface  of  the  allantois,  the 
future  urinary  bladder. 

18.  In  the  non-amniotic  Vertebrates  the  mesonephros  also  gives 
rise   by   a   process   of   fission   to  the    Miillerian    duct,    which    runs 
parall«  1  with  it. 

19.  In   the  Amniota  the  relation   of   the    Miillerian  duct  to  the 
•nephric  duct  is  still  uncertain,  because  the  front  end  of  the  former 

is  established  by  a  groove-like  depression  of  the  epithelial  invest- 
ment on  the  lateral  face  of  the  me>onephivs,  while  coiu-erning  the 
remaining  part  it  is  still  undetermined  \\hotherit  grows  backwards 
independently  or  is  constricted  oft' from  the  mesonephric  duct. 

20.  The  sexual  glands  proceed  from  two  fundaments : — 

(u)  From  a  germinal  «  pit  helium,  a  modified  part  of  the  epithelium 
of  the  body-cavity,  located  on  the  median  face  of  the 
primitive  kidney ; 

(b)  From  the  sexual  cords,  which  grow  cut  toward  the  germinal 
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epithelium  from  the  adjacent  part  of  the  primitive  kidney 
(in  Reptiles  and  Birds  from  the  epithelium  of  Malpighian 
glomeruli). 

21.  The  specific  components  of  the  sexual  glands,  the  eggs  and 
seminal  cells,  arise  from  the  germinal  epithelium  (with  its  primitive 
ova  and  primitive  seminal  cells). 

22.  In   the   female   there  arise,   in  consequence  of   a  process  of 
mutual  intergrowth  on  the  part  of  the  germinal  epithelium  and  tho 
.subjacent  stroma,  the  tubes  of  PFLUGER  and  egg-balls  (or  nests),  and 
out  of  these  finally  egg-follicles,  containing  each  a  single  ovum ;  in 
the  male  there  are  formed,  in  consequence  of  a  similar  process,  seminal 
ampulke   (Selachians,  some   Amphibia)  or  seminal   tubules  (tubnli 
seminiferi)  with  their  seminal  mother-cells. 

23.  The  sexual  cords  of  the  primitive  kidney  participate  in  the 
composition  of  the  medullary  substance  of  the  ovary  as  medullary 
cords;  in  the  testis  they  unite  with  the  seminal  arnpulke  or  seminal 
tubules  and  furnish  the  tubuli  recti  and  the  rete  testis,  consequently 
the  initial  part  of  the  outlet  for  the  semen. 

24.  The  ovarian  follicles  are  composed  of  a  centrally  located  ovum. 
an  envelope  of  follicular  cells,  and  a  vascular  connective-tissue  capsule 
(theca  folliculi). 

25.  In  Mammals  the  ovarian  follicle  is  converted  into  a  Graafian 
follicle  by  an  increase  in  the  number  of  follicular  cells  and  by  their 
secreting  between  them  a  follicular  fluid.     (Discus  proligerus,  mem- 
brana  granulosa.) 

26.  The  Graafian  follicles,  after  the  elimination  of  the  mature  ova 
into  the  abdominal  cavity,  become  the  so-called  yellow  bodies  in  the 
following  manner :    blood   flows  out  of   the   ruptured   blood-vessels 
into  their  cavities,  and  both  the  follicular  cells  left  behind  and  the 
connective- tissue  capsule   undergo  proliferation  accompanied  by  an 
emigration  of  white  blood-corpuscles  (true  and  false  corpora  lutea). 

27.  The  yellow  bodies  subsequently  cause  by  their  scar-like  shrivel- 
ling the  cicatriculre  and  callosities  on  the  surface  of  old  ovaries. 

28.  The  canals  and  glands  of  the  urogenital  system,  which  are  at 
first   established   in   the  same   form  in  both  se.v  ;t«-i  \\anls 
differently  employed  in  the  male  and  female  and  undergo  a  partial 
degeneration. 

29.  In  the  male  the  mesonephric  duct  becomes  the  vas  deferens, 
in  tli<»  female  it  becomes   rudimentary  (GAKTNKH  s  duct,    in    many 
Mammals). 

30.  The   Miillerian  duct  assumes  in  the   male  no  function,  and 
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onlv    incon>pienoii>    ivninant»   of    it    are    lift    at    its   finis    (h\datid   of 
the  epididymis  and  >inus   pTOttatlOUS  or  atenifl    maseulinu-)  :   in   the 
female  it   lifCiMiu  >  the  i  ll'fivnt  apparat  u>  of   t  ho  ovary, — th- 
p:ui    thf  oviduct,  t  he  |'»  .-terii.r  part    th«-  iitfni>  ami  vagina,  tin-  1 
nMilting   from  t  he  fu>ion   of   tin-  dnct>  of   tip  :    th'- 

ho.lv  aa  far  a>  th«-\   an-  n.doed  in  the  genital  cold. 

31.   In   the    male   the    anterior    portion    ot     the    primitive    kidney 
(meeonepbroe) — having   united   with   the  .M-minal    tuhules   hy    DQ 
of  the  sexual  ronl.s— persists  as  the  epididymi>  ;  the  remainder  de- 
generates into  the  paradidymi>.     In  the  female  both  part-  degenerate 
into  epoophoron   and    paroilphoron,  which   coi-rtv-pond  ;  ly  to 

the  «  pididymis  and  paradidymis  of  the  male. 

:\'2.  The  sexual  glands,  \\hich  are  originally  estahli-hed  in  the 
luml  ar  region,  gradually  move  with  their  outlets  downward  toward 
the  pelvic  cavity.  (Descensus  testiculorum  et  ovariorum.  Oblique 
course  of  the  spermatic  arteries  and  veins.) 

33.  In  the  migration  of  the  sexual  glands  a  r61e  appears  to  be 
played   hy  the  inguinal  ligament,  which  passes  from  the  primitive 
kidney  underneath  the  peritoneum  to  the  inguinal  region,  peneti 
through  the  wall  of  the  abdomen,  and  ends  in  the  skin  of  the  genital 
rid-vs    that    surround  the  cloaca.      (Guhernaculum  Hunteri  in  the 
male;  round  ligament  and  ligamentum  ovarii  of  the  female.) 

34.  The  test-is  is  received  some  time  before  birth  into  tin-  scrotum, 
an  appendage  of  the  body-cavity;  the  scrotum  owes  its  origin  to  tin- 
fact  that  the  peritoneum  forms  an  evagination   (processus  vagina li> 
peritonei)  through  the  wall  of  the  abdomen  into  the  genital  ri< 
and  that  afterwards  the  evagination  is  completely  cut  oft'  from  the 
body-cavity  by  the  closure  of  the  inguinal  (anal. 

35.  The  layers  of  the  scrotum  or  the  envelopes  of  the  testes  corre- 
>pond,  in  accordance  with  their  development,  to  the  separate  layers  of 
the  body-wall,  as  is  shown  in  the  following  comparative  summary  : — 

]-:,,c,l:i>e8  of  the  Testes.  \V«U  „/  (/,>•  Abdo 

Scrotum  with  tunica  da:  Skin  of  the  abdomen. 

COOPER'S  fascia .  3    i.   rti«-ial  abdominal  fa-cia. 

Tunica  vnginalis  coimnunis  with  Mu>ele-layer    and    fa>c:a     ti 

cremaster.  rent  ahdomini.-. 

Tunica  vaginalis  propria  (parietal  Peritoneum. 

and  visceral  lay." 

30.  The  external  s.-xr,al  or-an-  are  develop,  d  in  man  and  woman 
from  the  same  kinds  of  fund  iments  in  the  neighborhood  of  th«-  cloaca. 
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37.  The  term  cloaca  is  applied  to  a  depression  at  the  hinder  end  of 
the  embryo,  into  which  open  the  hind  gut  and  the  allantois,  after 
the  latter  has  received — on   the   posterior  face   of   its  attenuated 
terminal    part,   the   sinus    urogenitalis — the   closely   approximated 
Miillerian  and  mesonephric  ducts. 

38.  The  cloaca  becomes  divided  by  projecting  folds,  which  unite 
to  form  the  perinaeum,  into  an   anterior   [ventral]    and   posterior 
[dorsal]  portion,  of  which  the  former  is  the  prolongation  of  the 
sinus    urogenitalis,   the    latter   the   prolongation   of    the   intestine 
(anus). 

39.  At  the  anterior  margin  of   the  cloaca,  or,  after  completed 
separation,  at  the  anterior  rim  of   the  sinus  urogenitalis,  there  is 
found  in   both   sexes  the  genital  eminence,  which  bears   along  its 
under  surface  a  groove  flanked  by  the  two  genital  folds  ;  the  eminence, 
together  with  the  opening  lying  under  it  (cloaca  or  sinus  urogeni- 
talis), is  embraced  by  the  genital  ridges. 

40.  In  the  female  the  genital  eminence  remains  small  and  becomes 
the  clitoris,  the  genital  folds  become  the  labia  minora,  the  genital 
ridges  the  labia  majora;  the  sinus  urogenitalis  remains  short  and 
broad  and  represents  the  vestibulum,  which  receives  the  vagina  (the 
end  of  the  Miillerian  ducts)  and  the  external  orifice  of  the  allantois 
or  urinary  bladder,  the  female  urethra. 

41.  In  the  male  the  genital  eminence  grows  out  to  a  great  length 
as  the  male  organ  ;  the  genital  folds  close  on  their  under  surface  to 
form  a  narrow  canal,  which  appears  as  a  prolongation  of  the  narrow 
sinus   urogenitalLs,  together  with   the   latter   is   designated   as  the 
male  urethra,  and  receives  at  its  beginning  the  vas  deferens  and  the 
uterus  masculinus  ;  the  two  genital  ridges,  which  increase  in  size  for 
the  reception  of  the  testes,  surround  the  roots  of  the  male  organ  and 
unite  to  form  the  scrotum. 

42.  The  following  table  gives  a  brief  survey  (1)  of  the  compar- 
able parts  of   the  outer  and  inner  sexual  organs  of  the  male  and 
female,  and  (2)  of  their  derivation  from  indifferent  fundaments  of 
the  urogenital  system  in  Mammals  : — 


Mule  texual  parti. 

Seminal  ampullae  and  semi- 
nal tubules. 

'Hdynjis    with     retc 
testis  and  tubuli  rccti. 
(6)  raradidyruia. 


The  common  form  from  which 
both  arise. 

Germinal  epithelium. 

Primitive  kidney. 

(a)   Anterior   part  with  the 

sexual  core's  (sexual  i»rt). 
(6)  Posterior  part  (the   real 

mesonepbric  part). 


Female  texual  partt. 

Ovarian     follicle,     Grxxfian 
follicle. 

(a)  Epoopboron  wkh  medul- 
lary core's  of  tbe  ovary. 
(6)  Paroophoron. 


i.in.i;  \MKI:. 
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Male  texual  parti. 

Vaa    deferens   with    seminal 

•  lee. 

and  ureter. 

mis. 

Sinus  prostaticns. 
(I'UTus  masculiuua.) 

Gubeniaculum  Hunteri 


Male  urethra  (pare  prostatica 

Penis. 

Pars  caveiiiosa  urethra?. 

Scrotum. 


The  common  form  from  \> 
both,  arite. 

-  terual  partt. 

' 

it's    canal,   in    tome 
Mam  mala. 

.  and  ureter. 

1         Mullcrian  duct.           j 

(Ui.liu  t  and  limbrUe. 
Utents  and  vagina. 

In^Miii.iil    liu.tn  rnt  of  pihni- 
ti\c  k. 

K'.UIK!     li^aui'-i.- 
ovarii. 

lig. 

Sinus  urogenitalis. 

Vestibulum  vagirre. 

Genital  eminence. 
„       fold*. 
„       ridges. 

Clitoris. 
Labia  minors. 
,,     majora. 

The  Development  of  the  Suprarenal  JJ<> 

43.  The  most  anterior  part  of  the  mesonephros  appears  to  share 
in  the  development  of  the  suprarenal  bodies,  since  lateral  l>r:mches 
sprout  out  from  the  sexual  cords,  become  detached,  and  an-  converted 
into  the  peculiar  cellular  cords  of  the  cortical  substance. 

44.  The  suprarenal  bodies  in  the  embryo  for  a  time  exceed  in  size 
the  ki»ln> 
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CHAPTER  XVI. 
THE  ORGANS  OF  THE  OUTER  GERM-LAYER. 

THE  outer  germ-layer  has  for  a  long  time  also  borne  the  name 
dermo-sensory  layer.  By  this  its  two  most  important  functions  are 
both  indicated.  For  in  the  first  place  it  forms  the  epidermis  together 
with  its  various  products,  such  as  hair,  nails,  scales,  horns,  and 
feathers ;  and  in  addition  various  kinds  of  glands  :  the  sebaceous, 
sweat-  and  milk-glands.  Secondly,  it  is  the  matrix  out  of  which 
the  nervous  system  and  the  most  important  functional  parts  of  the 
r>ensory  organs,  the  optic,  auditory,  and  olfactory  cells,  are  derived. 

I  begin  with  the  most  important  function  of  the  outer  germ-layer, 
the  development  of  the  nervous  system,  then  proceed  to  the  develop- 
ment of  the  organs  of  sense  (eye,  ear,  and  organ  of  smell),  and  finally 
discuss  the  development  of  the  epidermis  and  its  products. 

I.  The  Development  of  the  Nervous  System. 
A.  TJte  Development  qf  the  Central  Nervous  System. 

The  central  nervous  system  of  Vertebrates  is  one  of  the  organ- 
first  established  after  the  separation  of  the  germ  into  the  four 
primary  germ-layers.  As  has  already  been  stated,  it  is  developed 
(fig.  41  A)  out  of  a  broad  band  of  the  outer  germ-layer  (mp)t  whirh 
stretches  from  the  anterior  to  the  posterior  end  of  the  embryonic 
fundament  and  lies  in  the  median  plane  directly  above  the  clun « la 
dorsalis  (ch).  In  this  region  the  cells  of  the  outer  germ-layer  grow 
out  into  long  cylindrical  or  spindle-shaped  structures,  whi'iv;i>  tin* 
elements  occurring  in  the  surrounding  parts  (ep)  flatten  out  ai.«l 
under  certain  conditions  become  altogether  scale-like.  Consequently 
the  outer  germ-layer  is  now  divided  into  two  regions — into  tlu> 
Attenuated  primitive  epidermis  (Hornblatt)  (ep)  and  the  thirk.-r 
median  neural  or  medullary  plate  (nip). 

Both  regions  are  soon  sharply  separated  from  each  other,  since  the 
neural  plate  bends  in  a  little  (fig.  41  B)  and  its  edges  rise  above  the 
surface  of  the  germ.  In  this  way  there  arise  the  two  moduli aiy  <>r 
dorsal  folds  (mf),  which  enclose  between  them  the  originally  broad 
and  shallow  medullary  or  dorsal  furrow.  They  are  simply  fold 
the  outer  germ-layer,  formed  at  the  place  where  tli  •  neural  plat  i\ 
continuous  with  the  primitive  epidermis.  They  are  therefore  com- 
posed of  nn  outer  and  an  inner  layer,  of  which  the  inner  belongs  to 
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tlu-  marginal    part    of   the    neural    plate,  the   outer,  on   the  contrary, 
to  tin-  adjacent   epideii; 

In  all  tlu>  claasee  of  Vertebrates  tbe medullary  plat.-  i-  trm. 

into   a    m  •'•••   at    a    very    early    period.      TliU    pn«v>-    can    be 

atcompli>hed    in    (hive    dill'erent     \\ay>.       In    most  of  the  classes  of 
Yertehr.-iU's.    namely    lleptilrs.     Ilirds.    and     Mammal-,    the    tui 
formed   by  a    typical    process  of   folding.      Tin-   medullary    folds   i  i- 
.-•till    higher    aU)\e    the   Mirfaee    of    the   ^crm.     t  lien    l»i-nd    tcgHhi-i 
toward  the    median    plane,  ami   grow    toward   each    other    until    their 
-  meet,  along  which  they  then  begin  to  fuse.      The  neural   tube, 
thu>  formed,  >till  continues  to  remain   in  connection   with   the  over- 
lying epidermi>  along   the  line  of  fusion,  a  connection   which  soon 
disappears,  since  the  connecting  eells  become  loosened  and  separated 
from  one  another  (tig.  41  0).     The  closure  begins  in  all  Vertebr 
at  the  place  which  corre>pond>  approximately  to  the  future  mid-brain 
— in  the  Chick  (fig.  87  hb~)  on  the  second  and  in  the  Kabbit  on  the 
ninth  day  of  development — and    from  there  proceed^   -lowly    both 
backwards    and    forwards.       There    is    retained    for   a   long    time. 
especially  behind,    a    place  where  the  neural   tube   is  open  to  the 
exterior.     A  connection  with  the  intestinal  tube  by  means  of  the 
iieurenteric  canal  al>o  c\ist>  at  the  posterior  end,  a>  has  been  already 
mentioned  (p.   12G)  in  the  discussion  of  the  ^erm-layeis.     It  is  only 
at  a  later  period  that  this  connection  is  interrupted  by  the  cWii 
the  blastopore. 

The  second  (;//»  in  the  development  of  the  central  nervous  system 
is  met  with  in  Cyclostoines  and  Teleosts.     In  them  the  neural  plat, 
is  transformed  into  a  solid  cord  of  cells  instead  of  a  tube.     3 1 
the  folds  rising  up  over  the  Mil-face  of  the  germ,  the  neural   p 
grows  downward  in  the  form  of  a  wedge.     In  this  way  the  i 
and  left  halves  of  the  plate  come  to  lie  immediately  in  contact   with 
each  other,  so  that  one  cannot  find  the  slightest   trace  of  a  space 
bet  ween  them  ;  only  after  the  cord  of  cell>  ha>  1-e  n  constricted  <»1Y 
from  the  primitive   epidermis  do  the  hakes  separate  and  allow   ;t 
small  cavity,  the  central  canal,  to  appear  between  them.     Probably 
this  modification  in  the  Bony    Ki>he>  and   ('vcloM<>in.'-   i-  connected 
with  the   fact  that  the  t»gir   with   its  abundant    yolk   is   very  closeh 
enveloped  by  the  vitelline   meml.rane,    a-    a    i.-ult    of    which    tin- 
medullary  folds  cannot  rise  toward  the  >urfa<.'. 

'Eke  third  iu>  >  occurs  only  in  Amphioxu>  lain  eolatus.      It 

lias  already  been  docribed  briefly  in  anoth.  r  place  (p.  109). 

The  neural  tube  r«  tains  an  unditVerentiated  condition  in  Amphioxus 
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lanceolatus  only ;   in  all  other  Vertebrates,  on  the  contrary,  it  is 
Differentiated  into  spinal  cord  and  brain. 


(a)  Tlie  Development  of  the  Spinal  Cord. 

The  part  of  the  neural  tube  which  is  converted  into  the  spinal 
cord  is  oval  in  cross  section  (fig.  200).  At  an  early  period  a  separa- 
tion into  a  right  and  left  half  can  be  recognised  (fig.  232).  For 
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Fig.  232.— Cross  section  of  an  embryo  Lizard  with  completely  closed  intestinal  tube,  after 
SAOEMEHL. 

tif,  Posterior,  vc,  anterior  commissure  of  the  spinal  cord ;  vw,  anterior -root  of  nerve ;  «/,  nerve- 
fibrillse  ;  spk,  spinal  ganglion  ;  mpl,  muscle-plate,  muscle-forming  layer  ;  mp%  outer  lajt  r  of 
the  iuusc!e-plate ;  tnp1,  transition  of  the  outer  into  the  muscle-forming  layer. 

the  lateral  walls  are  greatly  thickened  and  consist  of  several  In 
of  long,  cylindrical  cells,  whereas  the  upper  and  lower  walls  are  thin 
and  can  be  distinguished  respectively  as  posterior  [dorsal]  and  anterior 
commissure  (he  and  vc),  or  as  roof -plate  and  floor-plate. 

The  further  development,  of  which  I  shall  mention  only  the  most 
important  points,  takes  place  in  such  a  manner  that  the  lateral 
halves  become  thicker  and  thicker  (fig.  233).  The  cells  continue  to 
increase  in  number  by  division,  and  at  the  same  time  to  be  difl'«  i- 
entiated  into  two  histological  groups— (1)  into  elements  which  provide 
tho  sustentative  framework,  the  epithelium  surrounding  the  central 
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canal  and  the  spongiosa  (spon^iolila.M     d    Hi~).  and  (2)  into 
which  arc  transformed  into  LraiiL'lionir  c.  11s  and    m-i\« --fibres  (lie 

Masts  t  f  HIM.     [the  thickening  of  tlie  lateral  walls  dep<>nd>  pai-tly 
upon  the  multiplication  of  n-ll>.  imt  mainly  u|  M-I  thatnerve- 

lil >ies  apply  themselves  to  th  •  cell  mavs  from  tin-  outside.     In  time 
thi-M-    lil-i  into   the   anterior,    lateral,   an-1    p.  .-t 

columns  of  the  spinal  conl   (li-;.    L'.1;:}  p,-n\   A-//-,   acw).      At   tia-ir   lir>t 
appearaiu-e  thenerve- 
fi!>re>  are  non-mcdul- 
lated    (fig,    -l\-2    ,if), 
and    only    s  ubse- 


earlier,  sometimes 
later,  acquire  a  me- 
dullary sheath.  In 
this  manner  tin-  al- 
icady  considerably 
thickt-neil  halves  of 
I'inal  cord  be- 
come differentiated 
into  the  central  gray 
suK-tanco  containing 
the  ganglionic  cells, 
and  into  the  white 
which  en- 
the  surface  of 
the  former  like  a 
mantle. 

Since,  meanwhile, 
the  roof-  and  tloor- 
I'latcs  iri'ow  only  a 
little  and  are  not 
diil'rrentiatrd  into 
-  iMirlionic  cells,  they  come  to  lie  deeper  and  deeper  at  the  bottom 
•of  anterior  and  posterior  lwjiti"Hnnl  j'urruu's  (c  and  <//).  Finally, 
the  completely  formed  spinal  cord  is  composed  of  lar^r  lateral  halves, 
which  are  separated  from  each  other  by  deep  anterior  and  po>turior 
longitudinal  fissures,  being  united  only  d,  cp  down  by  a  thin  trans- 
verse bridge.  Tlu-  latin-  i>  d  iiv  1  from  the  roof-  and  flooi>p! 
which  have  been  retarded  in  their  growth,  and  encloses  in  its  middle 
the  central  canal,  which  has  also  remained  small. 
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Fig.  233. — Cross  section  through  the  spinal  cord  of  an  embryo 
Chick  of  seven  days,  after  BAI.KOUR. 

pew,  Posterior  white  column  ;  Uic,  lateral  white  column  ; 
acw,  anterior  white  column  ;  c,  dorsal  tissue  filling  \\\<  the 
l.huo  where  the  dorsal  fissure  will  be  formed  ;  pc,  \ 
horn  of  the  pi-ay  substance ;  oc,  anterior  horn  ;  ep,  epithelial 
cells  ;  age,  anterior  gray  commissure ;  pf,  posterior  [dorsal] 
f  the  spinal  canal  ;  57 »c,  antoriur  [ventral]  part  of  the 
spinal  canal ;  a/,  anterior  fissure. 
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At  the  beginning — in  Man  up  to  the  foarth  month  of  embryonic 
development — the  spinal  cord  occupies  the  entire  length  of  the  body. 
Therefore,  at  the  time  when  the  axial  skeleton  is  divided  up  into 
separate  vertebral  regions,  it  reaches  from  the  first  cervical  down  to 
the  last  coccygeal  vertebra.  The  end  of  the  spinal  cord,  however, 
does  not  even  begin  to  develop  ganglionic  cells  and  nerve-fibres,  but 
remains  throughout  life  as  a  small  epithelial  tube.  It  is  united  to 
the  larger  anterior  portion,  which  has  developed  nerve-fibres  and 
ganglionic  cells,  by  means  of  a  conically  tapering  region,  which  is 
spoken  of  in  descriptive  anatomy  as  the  conus  medullaris. 

As  long  as  the  spinal  cord  keeps  pace  with  the  vertebral  column 
in  its  growth,  the  pairs  of  nerves  arising  from  it,  in  leaving  the 
vertebral  canal,  pass  out  at  right  angles  directly  to  the  intervertebral 
foramina.  In  Man,  beginning  with  the  fourth  month,  this  arrange- 
ment is  changed ;  from  that  time  forward  the  growth  of  the  spinal 
cord  does  not  equal  that  of  the  spinal  column,  and  therefore  the  cord 
can  no  longer  occupy  the  entire  length  of  the  vertebral  canal.  Since 
it  is  attached  above  to  the  medulla  oblongata,  and  this  together  with 
the  brain  is  firmly  held  in  the  cranial  capsule,  it  must  assume  a  higher 
and  higher  position  in  the  vertebral  canal.  In  the  sixth  month  the 
conus  medullaris  is  found  in  the  upper  end  of  the  sacral  canal,  at  birth 
in  the  region  of  the  third  lumbar  vertebra,  and  some  years  later  at 
the  lower  edge  of  the  first  lumbar  vertebra,  where  it  terminates 
even  in  the  adult. 

In  the  ascent  (ascensus  medullae  spinalis)  the  lower  end  of  the 
spinal  cord,  the  small  epithelial  tube  which  is  attached  to  the  coccyx, 
is  drawn  out  into  a  long,  fine  filament,  which  persists  even  in  the 
adult  as  the  jilum  terminate  intemum  and  externum.  At  first  it 
presents  a  small  cavity,  which  is  lined  by  ciliated  cylindrical  cells, 
and  which  forms  a  continuation  of  the  central  canal  of  the  spinal 
cord.  Further  downward  it  is  continued  in  the  form  of  a  cord  of 
connective  tissue  as  far  as  the  coccyx. 

A  second  consequence  of  the  ascent  of  the  spinal  cord  is  a  c//" 
in  the  course  of  the  roots  of  the  peripheral  nerve-stems.  Since,  together 
with  the  spinal  cord,  their  points  of  origin  come  to  lie  in  the  spinal 
canal  relatively  nearer  and  nearer  the  head,  and  since  the  places  where 
they  pass  through  the  intervertebral  foramina  do  not  change,  they 
are  compelled  to  pass  from  a  transverse  to  a  more  and  more  oblique 
course.  The  obliquity,  moreover,  is  greater  the  farther  down  the 
nerve  leaves  the  vertebral  canal.  In  the  neck-region  their  direction 
is  still  transverse,  in  the  thoracic  region  it  begins  to  be  more  and 
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more  oblique,  and  tinally,  in  the  him''  so  in 

the  sacral,  it  is  moiv  .sharply  downward.      On  tin-  account  the  i 

ariHiiu'  from  tin-  la-4  part  of  the  .-pinal  eord  come  to  lie  for  a 
con-id,  rable  distance  in  the  \vitel.ral  eanal  before  they  reach  the 
-acral  foramina  serving  for  their  exit  ;  they  tli.-i.  :  ound  tho 

conus  medullaris  ami  lilnm  terminal.',  forming  the  >trueture  known 
as  the  hoieo-f  ail  or  eauda  t  <piina. 

Finally  the  .-.pinal  cord  underlie.-  >omo  changes  in  i'-   form 
Kvcn  in  tliothinl  and  fourth  months  tin -re  aj^.t-ar  «liH«-i-i-ncrs  of  i-alil  in- 
indifferent  regions.      The  places  in  the  ccr\ical   and  luml-a 
of  the  spinal  cord  at  which  the  i.eri[.hrral  ncrv<  bo  the  ant.-i  ior 

and  posterior  extremities,  ^row  vigorously  hy  tlu-  ahundant  formation 
of  ganglionic  cells  ;  they  become  con>idrral>ly  thicker  than  the  adjoin 
inir  portions  of  the  cord,  on  account  of  which  they  are  di-tiniruiMied 
as  cervical  and  luinliar  <iilargementa  (int umocentia  cervicalis  et 
hnnbalis), 

(b)  The  Development  of  the  Br 

By  the  study  of  embryology  knowledge  of  the  anatomy  of  the 
brain  has  been  greatly  promoted.  Justly,  therefore,  in  all  recent 
text  books  of  human  anatomy,  the  embryonic  condition  serves  as 
the  starting-point  in  the  description  of  the  intricate  structure  of  the 
brain,  the  aim  being  to  derive  thn  complicated  ultimate  conditions 
from  the  more  simple  embryonic  ones,  and  to  explain  them  by  means 
of  the  latter. 

The  initial  form  of  the  brain  as  well  as  of  the  spinal  cord  is  a  simple 
tube.     At  an  early  period,  even  before  it  is  e\.  i  \  where  clase 
becomes  metameric,  on  account  of  its  growth  being  greater  in  some 
regions  than  in  others.     By  means  of  two  coiiMrictions  ,.f  its  lateral 
walls  it  is  divided  into  the  three  priin<n-;i  \\«.  S7  hbl,hb2, 

M3),  which  remain  united  with  one  another  by  means  of  wide  openings, 
and  are  designated  as  the  fore-,  mid-,  and  hind-brain.  The  posterior 
of  these  divi>ions  is  the  lon_;t-i.  gradually  taperinir  and  l>ecoming 
continuous  with  the  tubular  >pinal  cord. 

The  lii>t  Stage  is  quickly  followed  by  a  second,  and  that  by  a  / 
since  the  primary  bra in-\c.-icles  >oon   -eparate  into   four,  and   linally 
five  divi.M- 

During  the  second  stage  (fig.  23-t)  the  lateral  walls  of  the  primary 
fore- brain  (pi'h)  begin  to  grow  outward  more  vigorously  and  to 
evaginate  to  form  the  two  optic  vesicles  (cm).  At  the  same  time  the 
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lateral  walls  of  the  hind-brain,  which  from  the  beginning  has  been 
the  longest  portion,  acquire  a  constriction  which  divides  the  hind- 
brain  into  two  vesicles,  that  of  the  cere- 
bellum (kh)  and  the  medulla  (nh),  or 
after-brain. 

The  five-fold  segmentation  of  the 
neural  tube  (fig.  235)  soon  succeeds 
the  four-fold  condition;  by  means  of 
it  the  fore-brain  vesicle  undergoes 
fundamental  transformations.  First, 
the  primary  optic  vesicles  (au)  begin 
to  be  constricted  off  from  the  fore- 
brain  vesicle,  until  they  remain  at- 
tached by  only  slender,  hollow  stalks. 
Since  the  constriction  takes  place 
mainly  from  above  downward,  the 
stalks  remain  in  connection  with  the 
base  of  the  fore-brain  vesicle.  The 
front  wall  of  the  vesicle  then  begins 
to  protrude  anteriorly,  and  to  be 
marked  off  by  means  of  a  lateral 
furrow,  which  runs  from  above  and 
behind  obliquely  downward  and  for- 
ward. In  this  manner  the  primary 
vesicle  of  the  fore-brain,  like  the 
hind -brain  vesicle,  is  secondarily  di- 
vided into  two  portions,  which  we 
can  now  distinguish  as  the  vesicles 
of  the  cerebrum  and  the  between-brain 

(y/i,  zh).  The  optic  nerves  remain  united  with  the  base  of  the  latter.. 
The  vesicle  of  the  cerebrum  is  distinguished  by  a  very  rapid 
growth,  and  soon  begins  to  surpass  all  the  other  parts  of  the  brain 
in  size.  But  it  becomes  divided  before  this  into  right  and  left  hah  <  >. 
From  the  connective  tissue  enveloping  the  neural  tube  there  grows 
down  in  the  median  plane  a  process,  the  future  fabc  crrebri.  This 
growth  advances  from  above  and  in  front  against  the  cerebral  vi- 
and deeply  infolds  its  upper  wall.  The  halves  (fig.  236  /tins)  that  have 
tlm-  arisen  are  united  at  their  bnsi  s ;  t  h»-y  present  a  more  flat  median 
and  a  convex  outer  surface,  and  are  called  the  two  vesicles  of  tit e  hemi- 
spheres,  since  they  furnish  the  foundation  for  the  cerebral  hemispheres. 
The  separate  regions  of  the  brain-tube  produced  by  constrictions 


Tig,  234.-  Dorsal  aspect,  by  trans- 
mitted light,  of  the  head  of  a 
Chick  incubated  58  hours,  after 
MIHALKOVICS.  Magnified  40 
diameters. 

x,  Anterior  wall  of  the  primary  fore- 
brain  vesicle,  which  afterwards 
evaginates  to  form  the  cerebrum  ; 
pvh,  primary  fore-brain  vesicle  ; 
au,  optic  vesicle ;  mh,  mid-brain 
vesicle  ;  IcJt,  vesicle  of  the  cere- 
bellum ;  nh,  after-brain  vesicle ; 
h,  heart ;  vo,  omphalomesenteric 
vein ;  rrn,  spinal  cord ;  us, 
primitive  segment. 
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Fig.  235  —Brain  of  a  human  embryo  of  the  third  week  ( /.  •,     After  Hia. 

;//(,  C- •;  'o;  kh,  nh,  vesicle - 

lluin  and  niril  ilia  <>l>!c >n'gatu ;  au,  optic  vesicle  ;  gb, auditory  vesicle  ;  tr,  infimdibulum  ; 
r/,  area  rh««i:.  .  inu-hal  flexure  ;  kb,  cephalic  l!- 

At  the  beginning   tin-   tlm-,-  brain-ve  l>y  tin- 

i-ictions  lie  in  a  straight  line  one  behind  the  other  (fig.  87) 
;il'(>\*'   thi-   chorda  dorsal  is  ;  the  la>  'K 

only  as  far  as  to  the  anterior  end  of  the  mid- 
lirain  vesii-le.  where  it    tajn-rs  to  a  point.      But 
from  the  moment  when  the  oj>tic  M  >icle> 
to  l»e  constricted  otV.  tin-  three  primary  v- 
shift  thfir    positions   in    siu-h    a    \vav   that    the 
longitudinal  axi^  uniting  them  underlies  >har|>. 

characteristic  folds,  which  are  distinguished  as 
the  cephalic,  p»ntn1.  and  nurfmJ  tlrxnns  (fig. 
235  M,  nb). 

Tin-  i-ause  of  the  formation  of  tin-  curvatui-es, 
which    are   of   fundamental    inij'ortamv    in    the 
anatomy  of  the  brain,  is  to  be  sought   princi- 
pally in  the  more  vigorous  longitudinal  powth 
which  dUtin.irni.-hi-  the  cerebral  tube,  and  more 
especially  its  dorsal  wall,  from  the  surroundini: 
parts.       A-    His   has   established    by    me;i 
measurements,  the  fundaim-nt  of  t!.«-  brain  moiv 
than  doubles  its  length,  while  tin-  >pinal 
increase>  l>y  only  about  one-sixth  of  it>  length. 

The  cejthaft'r  fluswn  (tig.  '2:^  IJ>)  is  developed  first.  The  floor  of 
the  fore-brain  sinks  downward  a  little  around  the  anterior  end  of  the 
chorda  dorsalis  (tig.  'I'M  cli).  and  forms  (  right  angle  with 


236.  -  Brain  of  a 
human  embryo  seven 
weeks  old,  parietal 
(Scheitel)  aspect,  after 
M  11  M.KDVICS. 

or  in- 

llial  fissure  (Man- 

telspalte),  at  the  bottom 

of    which    is  seen  the 

lamina  ter- 

minalis(Schlaasplatte); 
hemisphere ; 
th,  betwoen-brain 
miil-bniin ;    hh,    hiiid- 
n  and  after-brain. 
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the  part  of  the  base  of  the  brain  lying  behind  it,  but  afterwards  an 

acute  angle  (figs.  235,  238). 
In  consequence  of  this,  the 
vesicle  of  the  mid -brain 
(fig.  235  mh)  comes  to  lie 
highest,  and  forms  a  promi- 
nence, which  causes  a  great 
protrusion  of  the  surface  of 
the  embryo  and  is  known 
as  the  parietal  prominence 
(fig.  158  ,). 

The  nuchal flexure ,  which 
makes  its  appearance  at  the 
boundary  between  medulla 
oblongata  and  spinal  cord, 
is  less  prominent  (fig.  235 
lib).  It  produces  in  the 
embryos  of  the  higher  Ver- 


•; 


Tig.  237.— Median  section  through  the  head  of  a 
Rabbit  embryo  6  mm.  long,  after  MIHALKOVICS. 

sA,  Pharyngeal  membrane;  hp,  place  whence  the 
hypophysis  develops ;  A,  heart ;  kd,  cavity  of  the 
head-gut ;  ch,  chorda ;  v,  ventricle  of  the  cere- 
brum ;  v*,  third  ventricle,  that  of  the  between- 
'brain  ;  v*,  fourth  ventricle,  that  of  the  hind-  and 
after-brain ;  ck,  central  canal  of  the  spinal  cord.* 

tebrates   a   curvature   which   also   projects   outward,   the  so-called 
nuchal      prominence  gh 

{fig.  158). 

The  third  curva- 
ture, which  has  been 
-designated  by  KUL- 
J.IKER  as  the  pontal 
flexure  (fig.  239  bb), 
because  it  arises  in 
the  neighborhood 
of  the  future  pons 
Varolii,  is,  on  the 
contrary,  very 
marked.  It  is 
further  distinguished 
from  the  two  other 
curvatures  described, 
by  the  fact  that  its 
convexity  is  not  di- 
rected toward  the 
back  of  the  embryo, 
but  toward  its  ventral  side.  It  is  formed  between  the  floor  of  the 
*  [For  terminology  of  the  regions  of  the  brain,  see  footnote,  p.  282.] 


Fig.  238.  Median  sagittal  section  through  the  head  of  a  Chick 
incubated  four  and  a-half  days,  after  MIHAI  KOVICS. 

SII,  Parietal  prominence;  tv,  lateral  ventricle;  v*t  third 
ventricle  ;  v',  fourth  ventricle  ;  Sic,  aqueduct  of  SYLVIUS  ; 
gh,  vesicle  of  the  cerebrum  ;  «A,  between-brain ;  mA,  mid- 
brain  ;  iA,  cerebellum ;  :f,  pineal  process  (epiphysw) ; 
hp,  pocket  of  the  hypophysis  (pouch  of  RATHKF)  ;  cA, 
chorda ;  ba,  basilar  artery. 
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!••  of  tin-  cerebellum  and  that  of  the  after-brain,  and   lm>  tin- 
form  of  a  ridge  which  projects  Neutrally  f»r  a  con-ideraMe  di-taiiee, 
where  subsequently  the  transverse  libivs   "f    tin-  p«>ns  Yaml 
I'lished. 

The   extent    of    tin-so   curvatures  is  very   different    in    tin-    \ 

•f  Vertebrates.  Thus  the  cephalic  llexuro  is  only  slightly 
•empha.-i-ed  in  the  lower  Vertebrates  (Cyclostomes,  Fishes,  Amphibia] ; 
it  i>.  cm  the  eoni  rii-y.  nuich  greater  in  lloptilos,  I'.irds.  ami  Mammal-  ; 
but  in  Man  especially,  whose  brain  is  the  most  voluminous,  all  of  tin* 
ilex u res  are  developed  to  a  very  high  deg 

The  live  hraiii-veMi-les  furni>h  tin-  foundation  for  a  natural  >ub- 
di\i>ion  of  the  brain,  whose  various  chief  divisions  can  be  ref- 
back  to  them.  As  the  study  of  the  further  development  teaches, 
then-  are  formed  from 
the  after- brain  vesicle 
the  medulla  oblongata, 
from  the  vesicle  of  the 
cerebellum  the  vermi- 
form process  with  the 
hemispheres  of  the  cere- 
bellum and  the  pons 
Yarolii,  from  the  mid- 
brain  vesicle  the  crura 
cerebri  and  corpora 
quadrigeinina,  from  the 
between  -  brain  vesicle 
the  bet  we  en-brain 

[thalamencephalon]  with  the  infimdibulum,  the  pineal  gland,  and  the 
optic  thalami,  and  finally  from  the  vesicle  of  the  cerebrum  the 
cerebral  hemispheres. 

Tn  this  metamorphosis  the  cavities  of  the  primitive  cerebral  tube 
me  the  so -call-  ^es  of  the  brain  :  from  the  cavities  of  the 

fourth  and   tilth   vesicles   i>   derived   the   fourth    ventricle   or  fossa 
rhomboidalis ;    from  the  cavity  of  the  mid-brain  vesicle,  the  aque- 
duct of  SYLVIUS;  from  tke  between- brain,  the  third  ventricle;  and 
finally  from  the  cavities  of  the  hemispheres,  the  i\\-«  lateral 
which  are  also  designated  as  the  first  and  >ec,md  ventr: 

A  brief  sketch  will  suffice  to  show  in  what  manner  the  most 
important  parts  of  the  brain  develop  out  of  the  live  vesicular 
fundaments,  and  that  at  the  same  time  histological  and  morphological 
ilillerentiations  are  most  intimately  associated. 


Fig.  239.— Brain  of  a  Rabbit  embryo  16  mm.  long,  viewed 
from  the  left  side.  The  outer  wall  of  the  left  cerebrum 
is  removed 

tn,  Optic  nerve  ;  ML,  foramen  <>i  M»vuo  ;  agf,  fold  of  the 
choroid  plexus ;  amf,  fold  of  the  coma  Ammonia ; 
r/i,  bet  ween -brain  ;  iiih,  mid-brain  (cephalic  or  pa: 
ili-xure)  ;  kh,  cerebellum  ;  Dp,  roof -plate  of  the  fourth 
ventricle ;  66,  pontal  flexure  ;  »io,  medulla  oblongata. 
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Historically  considered  the  wa»lls  of  the  vesicles  originally  coi 
everywhere  of  closely  crowded  spindle-shaped  cells,  just  as  in  the 
spinal  cord.  These  cells  undergo  in  different  places  unlike  modifica- 
tions. In  some  places  they  retain  their  epithelial  character,  and 
furnish  (1)  the  epithelial  covering  of  the  choroid  plexus  in  the  roof 
of  the  between-brain  and  after-brain,  (2)  the  ependyma  lining  tho 
ventricles  of  the  brain,  and  (3)  follicular  structures  such  as  the 
epiphysis  (fig.  246).  On  the  greater  part  of  the  wall  of  the  five 
brain- vesicles  the  cells  multiply  to  an  extraordinary  extent,  and  are 
transformed  into  more  or  less  extensive  layers  of  ganglionic  cells  and 
nerve-fibres.  The  distribution  of  the  gray  and  white  substances  thus 
formed  no  longer  presents  in  the  brain-vesicles  the  same  uniform 
condition  that  it  does  in  the  spinal  cord.  The  only  uniformity  is 
found  in  the  fact  that  in  every  part  of  the  brain  there  occur  gray 
"  nuclei,"  which,  like  the  anterior  and  posterior  gray  columns  of  the 
spinal  cord,  are  enveloped  with  a  mantle  of  white  substance.  How- 
ever, there  are  added  to  the  two  parts  of  the  brain  that  have  attained 
the  greatest  development  layers  containing  ganglionic  cells,  which 
furnish  a  superficial  covering,  the  gray  cortex  of  the  cerebrum  and 
cerebellum.  By  this  means  the  white  substance  in  certain  parts  of  the 
brain  becomes  the  core  (nucleus  medullaris),  whereas  the  gray  portion 
becomes  the  cortex,  a  condition  differing  in  an  important  manner 
from  the  structure  of  the  spinal  cord. 

The  morphological  differentiation  of  the  brain  depends  upon  the  very 
unequal  growth  both  of  the  five  separate  vesicles  and  of  different  tracts 
of  their  walls.  For  example,  the  other  four  vesicles  remain  in  their 
development  far  behind  that  of  the  cerebral  vesicle,  in  comparison 
with  which  they  constitute  only  a  small  fraction  of  the  entire  mass  of 
the  brain  (figs.  240,  241).  They  become  overgrown  by  the  cerebral 
vesicle  from  above  and  on  the  sides,  and  enveloped  as  by  a  mantle, 
so  that  they  remain  uncovered  and  visible  only  at  the  base  of  the 
brain.  Therefore  they,  together  with  a  smaU  part  of  the  1 
portion  of  the  cerebrum,  are  grouped  together  as  the  stalk  of  the 
brain,  in  contradistinction  to  the  remaining  chief  part  of  the  cere- 
brum, which  constitutes  the  cerebral  mantle. 

The  unequal  growth  of  the  walls  of  tin  !»•>«',<  manifests  itself  in  the 
appearance  of  thickened  and  attenuated  places,  in  the  development 
of  special  nerve-columns  (pedunculi  cerebri,  cerebelli,  etc.),  and  in 
the  formation  of  more  or  less  extensive  layers  of  ganglionic  cells 
(thalamus  optic  us,  corpus  striatum).  By  these  means  the  principle 
of  the  formation  of  folds,  which  was  fully  described  in  c|ae  fourth 
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chapter,    i  bo    b"    earned    out    in    a    -pe,-ial    DUUmBB    m. 

heini>pheir-     <>f     tl..-     cerebrum     Mini    cerebellum    inelu-ivc     of 
vermiform    pFOOeOB,-    that    i-   to  Bay ,  OD    tin-   tuo   part.-   ol'   tin-    1 
which  are  covered  \\ith  a  gray  cortex.     That  the  functional  cajaritv 
of  the  cerebrum  and  cerebellum  depend-  up  m  the  extent  of  tin- 
cortex    and    tin-    regularly  ••!!-   in    it.    is   to  bo 

concluded    from    a    larp-   nuinl:«T   ol'   plieiionifna.       In    this    \v,. 
explained    tin-   very   ••\trn>i\e   inci-i-a-c   •  >f   Miiiact-    which    i>   l»rou^ht 
ahmit    in    the    e<-rel>rum    and    corchflluin    hy    means    of    somewhat 
dilYeivnt  prucosses  of  folding.      In   the  eerel.i-uin    / 
ai-i^e  iVoin   the   medullary   layer  of  the   heini>j»hertvs   (centrum  semi- 
ovale),    which,    running    in    //>"//</•/•////  '/'o?w,    produce   the 

characteristic  relief  i.f  tlu-  suita  "••;).     In  the  cerebellum  the 
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Fig.  240. -Lateral  view  of  the  brain  of  a  human  embryo  from  the  first  half  of  the  fifth  month, 

v-itural  size. 

stl,  Frontal  lobe ;  tchei.l,  parietal  lobe  ;  hi,  occipital  lobe  ;  m-hl.l,  tfiuiioral  lobe  ;  Sy  g,  fissure  of 
SYLVIUS  ;  m,  olfactory  nerve  ;  L-k,  coivbelluiu  ;  br,  pons;  mob,  medulla  oblongata. 

numerous  ridges  proceeding  from  the  medullary  nucleus  are  narrow, 
arranged  pamlld  to  one  another,  and  provukd  with  smaller  accessory 
(secondary  and  tertiary)  ridges,  so  that  the  cross  section  of  the 
cerebellum  presents  an  arhorocent  figure  (arbor  vitse). 

If,  after  these  preliminary  remark-,  we  take  under  consideration 
the  metamorphoses  of  the  five  veadfiO,  we  may  distini;nMi  on  each, 
!  IHALKOVICS  has  done  in  his  nicim^raph  «>!'  the  development  of 
the  brain,  four  regions  :  floor,  roof,  u/i-f  f>i-<>  /"(>  r«1  ]><n-ts.  \Ve  shall 
begin  our  description  with  the  fifth  vehicle,  because  in  it- 
it  approaches  most  closely  to  th"  -pinal  cord 

(1)  Metamorphosis  of  the  Fifth    /> 

The  ftfth    IraiH-veaick    exhibit-    in    ditVerent     x  at  the 

beginning  of  development  (in  the  Chick  on  the  second  and  third 
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days)  faint,  regular  infoldings  of  its  lateral  walls,  by  means  of  which 
it  becomes  separated  into  several  smaller  parts,  lying  one  behind  the 
other.  Inasmuch  as  these  afterward  disappear  without  leaving  any 
trace,  no  great  importance  was  ascribed  to  them  by  the  earlier 
investigators  (REMAK).  Recently,  however,  several  persons  have 
maintained  for  them  a  real  significance.  RABL  and  BEBANECK 


cmg 
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Tig.  241.—  Brain  of  a  human  embryo  from  the  first  half  of  the  fifth  month,  divided  in  the  median 
plane ;  view  of  the  median  surface  of  the  right  half,  after  MIHALKOVICS.  Natural  size. 

rn,  Olfactory  nerve ;  tr,  infundibulum  of  the  between-brain  ;  cma,  commissura  anterior ;  ML, 
foramen  of  MONKO  ;  frx,  fornix ;  apt,  septum  pellucidum  ;  balt  corpus  callosum,  which 
below,  at  the  gemi,  is  continuous  with  the  embryonic  lamina  terminalis  ;  cmg,  sulcus  calloso- 
marginalis ;  fo,  fissura  occipitalis  ;  zw,  cuneus ;  fc,  fissura  calcaiina ;  z,  epiuhysis ;  vh,  corpora 
qnadrigemina ;  kh,  cerebellum. 


Fig.  242.  -  Brain  of  a  human  embryo  from  the  second  half  of  the  third  month,  seen  from  behind, 

after  MIHALKOVICS.    Natural  size. 
nup,  Longitudinal  (interpallial)  fissure ;  vh,  corpora  quadrigemina ;   vma,  velum  medullare 

anterius;  kh,  hemispheres  of  the  cerebellum;  v*,  fourth  ventricle  (fossa  rhomboidalis) ; 

mo,  medulla  oblongata. 

recognise  in  them  a  segmentation  of  the  brain-tube  which  is  related 
to  the  exit  of  certain  cranial  nerves  and  is  of  importance  in  regard 
to  the  question  of  the  metamerism  of  the  entire  head-region.  The 
circumstance  that  the  folds  are  so  transitory  appears  to  me  to  favor 
the  older  view. 

In  the  further  development  of  the  vesicle  of  the  after-brain  a 
distinction  arises  between  the  floor  and  side  walls  on  the  one  hand 
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and  tli.-   not'  on   the  other.     The  former  (figs.   UM.   _rj)  are  con- 
siderubly  thickened  liy  tin*  addition  of  M.-I  ;<-o  and  become 

separated  on  either  side  of  tin-  body  (in  .Man  in  the  thii-.l  b 
M\th  month-')  info  columns,  which  are  recognisable  from  the  out>id«- 
because  they  aro  separated  l.y  ^ronves  ;  these  are  the  extensions  with 
certain  modification-  of  the  three  familiar  columns  of  the  spinal 
cord.  The  roof  of  the  vesicle  (11-  - •"•">  /;/' and  fig.  243  Dp),  on  the 
contrary,  produces  no  nerve-substance,  retain-  its  epithelial  structure, 
becomes  still  thinner,  and  in  the  adult  consists  of  a  single  layer  of 
flat  cells.  This  forms  the  only  covering  to  the  cavity  of  the  dorso- 
vent  rally  compressed  vesicle  of  the  after-brain — the  fourth  ventricle 
or  fossa  rhomboidalis.  It  is  firmly  applied  to  the  under  surface  of 
the  pia  mater,  and  with  it  produces  the  posterior  choroid  plexus  (tela 
choroidea  inferior).  The  name  choroid  plexus  has  been  ch 
because  the  pia  mater  in  this  region  becomes  very  vascular  and  in 
the  form  of  two  rows  of  branched  villi  grows  into  the  cavity  of  the 
after-bruin  vesicle,  always  carrying  before  it,  and  thus  infolding,  the 
thin  epithelial  roof. 

Laterally  the  roof-plate  or  the  epithelium  of  the  choroid  plexus  is 
continuous  with  the  parts  of  the  brain-vesicle  that  have  been  meta- 
morphosed into  nervous  matter.  The  transition  is  effected  by  in 
of  thin  bunds  of  white  nervous  substance,  which,  us  obex,  taenia 
MUMS  rhomboidalis,  velum  medullnre  postering,  and  peduncnlus 
flocculi,  surround  the  edge  of  the  fossa  rhomboidalis.  If  with  the 
pia  mater  one  strips  off  from  the  medulla  oblongata  the  posterior 
medullary  velum,  the  epithelial  covering  of  the  fourth  ventricle 
adhering  to  the  latter  will  naturally  be  removed  with  it.  In  this 
way  is  produced  the  posterior  brain-fissure  of  the  older  authors, 
through  which  one  can  penetrate  into  the  system  of  cavities  in  the 
brain  and  spinal  cord. 

(2)  Metamorphosis  of  the  Fourth  Brain-Vesicle. 

The  wall  of  the/o///-//  ••-.tide  undergoes  a  considerable  thick- 

ening in  all  it.-  parts,  and  Mil-rounds  it-  cavity  in  the  form  of  a 
differentiated  into  several  reyions ;  the  cavity  becomes  the  anterior 
part  of  the  fossa  rhomboidalis  (figs.  243,  '2-i'J,  I'll).  The  floor 
i'urni.-hes  the  pons  (bb),  the  cross  fibres  of  which  become  evident  in 
the  fourth  month.  From  the  lateral  walls  ari-e  the  pedunculi 
cerebelliad  pontem.  lint  it  i*  t/t?  roof  that  grows  to  an  extraordinary 
t  cii'f  i/'rex  to  the  cerek'Hi'in  its  characteristic  stamp.  At  first 
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it  appears  as  a  thick  transverse  ridge  (figs.  242,  243  kh),  which  over- 
hangs the  attenuated  roof  of  the  medulla.     In  the  third  month  the 

middle  portion  of  the  ridge 
acquires  four  deep  trans- 
verse folds  by  the  sinking 
in  of  the  pia  mater  (fig. 
242),  and  in  this  way 
is  distinguished  as  the 
vermiform  process  from 
the  lateral  parts,  which 
still  appear  smooth  (kh). 
From  this  time  forward 
the  Lateral  parts  outstrip 
the  middle  part  in  growth, 
bulge  out  at  the  sides  as 
two  hemispheres,  and,  ac- 
quiring transverse  folds, 
in  the  fourth  month  be- 
come the  voluminous  hemispheres  of  the  cerebellum. 

Only  a  little  nerve-substance  is  developed  where  the  roof  of  the 
fourth  brain-vesicle,  which  has  become  thickened  to  constitute  the 
vermiform  process  and  hemispheres,  is  continuous  with  the  roof  of 
the  third  and  fifth  vesicles  (fig.  241).  Consequently  there  arise  here 
thin  medullary  lamellae,  which  serve  as  a  transition  on  the  one 
hand  to  the  posterior  choroid  plexus,  and  on  the  other  to  the  lamina 
quadrigemina  (vh) — the  posterior  and  the  anterior  velum  medullare. 


243-  —Brain  of  an  embryo  Calf  5  cm.  long,  seen 
from  the  side.  The  lateral  wall  of  the  hemisphere 
is  removed.  After  MIHALKOVICS.  Magnified  3 
diameters. 

f»t,  Corpus  striatum  ;  AIL,  foramen  of  MONKO  ;  agf, 
fold  of  the  choroid  plexus  (plexus  choroideus 
lateralis) ;  am/,  fold  of  the  cornu  Ammonis ;  kh, 
cerebellum  ;  Dp,  roof -plate  of  the  fourth  ventricle ; 
66,  pontal  flexure ;  mo,  medulla  oblongata ;  mh, 
mid-brain  (cephalic  flexure). 


(3)  Metamorphosis  of  the  Third  or  Mid-brain   Vesicle. 
(Figs.  235,  243,  242,  241.) 

The  mid-brain  vesicle  is  the  most  conservative  portion  of  the  embry- 
onic neural  tube,  the  part  which  is  changed  least  of  all ;  in  Man  a 
small  portion  only  of  the  brain  is  derived  from  it.  Its  walls  become 
rather  uniformly  thickened  on  all  sides  of  the  cavity,  which  is  narrow 
and  becomes  the  aqueduct  of  SYLVIUS.  The  base  and  lateral  walls 
together  supply  the  crura  cerebri  and  substantia  perforata  posterior 
The  roof -plate  (fig.  242  vh)  becomes  the  corpora  quadrigemina, 
owing  to  the  appearance,  in  the  third  month,  of  a  median  furrow, 
and,  in  the  fifth  month,  of  a  transverse  one  crossing  ft  at  right 
Angles. 


mi  I  ill 


\\  i  jitiniiit:    nf    t  !  .'•    mid  I-: 

ptence  of    the  \     the 

neural  tube,  oooupiee  tin-  i  -iii<»n  ami  pi. 

prominence  of  tin-  head  (_lig.  158  a),  it  is  afterwards  OOVered  in  from 
above    l>y    the    other    part-   of  the   brain,    which    .-•:  more 

voluminous,  —  I  ho  cerebellum  and   e  ivhrinn. 
to  tin-  IMSI'  of  tin-  ln-aiii  (eompai  '  /////  will; 


(4)  .!/-  -is  of  the  Second  or  Betwt  Vesicle. 


The  btt  ncfe   also    remains    -mall.   Inn   undergoes  a 

(t   intending  changes,  since,  apart  from  the  optic  vesicles, 

which   grow  out  from  its  walls,  two   other  gee,  of  proble- 

matical meaning,  lure  develop,  d  from  it  —  the  pineal  ^land  and  the 

hypophysis. 

In  the  case  of  the  between-brain  vcsid  •.  it  is  only  in  the.  la- 
walls  that  a  cons-ideraM*-  aiuount  uf  n«T\r->nl»tancc  is  formed.      I'.. 
this    means  the    walls    thicken  into  the    optic   thalumi    with   tln-ir 

1  ionic  layers.  Between  them  the  cavity  of  the  vesicle  is  ict. 
as  a  narrow  vertical  li.-sun-,  known  as  the  third  i-i-ntricle;  it  is 
united  with  the  fossa  rhomhoidalis  l>y  means  of  the  aqueduct  of 
SYLVIUS.  The  floor  remains  thin  and  at  an  early  period  becomes 
mated  downwards;  it  thus  acquires  the  form  (figs.  235,  241  tr) 
<-f  a  short  funnel  "////«),  with  the  apex  of  which  is  united 

the  hypuphyMs,  soon  to  b;-  fully  d.  scribed. 

The  roof  presents  in  its  metamorphosis  a  striking  similarity  to  the 
corresponding  part  of  the  after  -brain  vesicle  (fig.  241).     It  persists 
as   a  simple,   thin  epithelial   layer,   unites   with  the  very  va.-cular 
pia  mater,  —  which  sends  out  in  this  case  also  villous  outgrowths 
with  capillary  loops  which  pass  into  the  third  ventricle,  —  and  together 
with  it  coi;>titutes  the  anterior  choroid  plexus  (tela  chor< 
or  superior).      When  in  withdrawing   the  pia  mater  the   choroid 
plexus  is  also  removed,  the  third  ventricle  is  opened  :  thu>  i>  {rod  need 
the  anterior   great  fissure  of  the  brain  through  which,  as  thn 
the  structure  of  the  same  name  in  the  medulla  Q 
penetrate  into  the  cavitie-  of  the  brain. 

The  agreement  with  the  medulla  oblongata  i>  e.\pre»ed  in  still 
another  point.  As  in  th  case  of  the  latter  the  edges  of  the  roof- 
plate  develop  into  thin  medullary  bard-,  by  in.  ans  of  which  the 
attachment  to  the  sides  of  the  fossa  rhcmbjidalis  is  accomplished,  so 
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here  also  the  epithelium  of  the  choroid  plexus  attaches  itself  to  the 
surface  of  the  optic  thalamus  by  means  of  thin  bands  consisting  of 
medullated  nerve-fibres  (tsenise  thalami  optici). 

Finally,  out  of  the  hindermost  portion  of  the  roof  of  the  between- 
brain  vesicle  a  peculiar  organ,  the  pineal  gland  (fig.  241  z),  takes  its 
origin  at  a  very  early  period,  in  Man  in  the  course  of  the  second 
month.  Since  in  recent  years  numerous  interesting  works  have 
appeared  concerning  it,  and  since  many  striking  discoveries  have 
been  brought  to  light  both  in  the  case  of  the  Selachians  and  more 
especially  in  that  of  the  Reptiles,  I  will  describe  it  at  some- 
what greater  length. 

The  Development  of  the  Pineal  Gland  (Epiphysis  cwebri). 

First  it  is  to  be  mentioned  that,  with  the  exception  of  Amphioxus 
lanceolatus,  the  pineal  gland  (glandula  pinealis  s.  conarium)  is  not 
wanting  in  any  Vertebrate.  It  is  in  all  cases  formed  in  exactly  the 
same  way.  On  the  roof  of  the  between-brain,  where  it  is  continuous 
with  the  roof  of  the  mid-brain  or  the  lamina  quadrigemina,  there 
arises  an  evagination  (figs.  238  and  241  z)  which  has  the  shape  of  the 
finger  of  a  glove,  the  processus  pinealis  [epiphy sis  cerebri],  the  apex  of 
which  is  at  first  directed  forward,  but  subsequently  backward.  In 
its  further  metamorphosis  there  appear,  as  far  as  our  knowledge  at 
present  extends,  differences  of  considerable  importance. 

According  to  the  investigations  of  EHLERS,  the  pineal  process 
attains  in  adult  Selachians  an  unusual  length ;  its  closed  end  swells 
into  a  vesicle,  which  penetrates  the  cranial  capsule  and  extends  out 
to  the  dermal  surface.  In  many  Selachians,  such  as  Acanthias  and 
Raja,  the  vesicular  end  is  enclosed  in  a  canal  of  the  cranial  capsule 
itself ;  in  others  it  lies  outside  between  the  cranial  capsule  and  the 
corium.  The  [proximal]  end  of  the  vesicle  is  united  to  the  between- 
brain  by  means  of  a  long  slender  canal. 

Manifold  conditions  are  met  with  in  Reptiles,  as  the  recent  investi- 
gations of  SPENCER  have  taught.  These  conditions  permit  in  part  a 
direct  comparison  with  the  Selachians,  but  in  part  they  are  widely 
altered.  Here,  too,  the  pineal  gland  is  a  structure  of  considerable 
length,  the  peripheral  end  of  which  lies  far  away  from  the  betw- 
brain  under  the  epidermis ;  it  passes  out  through  an  opening  in  the 
roof  of  the  skull  which  is  situated  in  the  parietal  bone  and  is  known 
as  the  foramen  parietale.  The  position  of  the  latter  can  easily  be 
determined  on  the  head  of  the  living  animal,  because  at  this  place 
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the  dermal  scutrs  acquire-  a  special  condition  and  form,  and,  above  all, 
aretran-paivnt. 

In  regard  to  the  particular  form  of  t  h.-  ..r^.-m.  t  here  are  essentially 
three  types  to  be  disiiiiL'uMi.  d. 

In    many   llrptil,^.  ,.,/.,  in   I'latyd.ict  vliK.  tin-  pineal  -land  ha-  tin* 

same  structure  a.s  in  Sharks:  a  small   peripheral  vesicle,  win'.- 


•c/,6    p      U 


A  -4 


Fig.  244.  —Diagrammatic  longitudinal  section  through  the  brain  of  Chameleo  vulgaris  with  the- 
pineal  organ,  which  is  separated  into  three  portions,  a  vesicular,  a  cord-like,  and  a  tube-lik» 
portion,  afUT  BAI  mvix  SI-KN. 

!  bone  with  the  foramen  parietale ;  ;.  :"   tli«-  integument;  *£,  oon.l-lik« 

niidi'.le  portion  of  the  epiph ysis ;  bl,  its  vesicular  terminal  portior  ;  r,  transparent  region 
of  the  integument;  grh,  cerebrum;  ih,  optic  thalamus;  v',  thml  Nentiulo,  which  is 
continued  upwards  into  the  tube-like  initial  portion  (A)  of  the  t>i>ii>hyua. 


enclosed  in  the  parietal  foramen,  is  lined  with  ciliated  cylindrical 
cells,  and  is  connected  with  the  roof  of  the  between-brain  by  means 
of  a  long,  hollow  stalk. 

In  other  Reptiles,  as  in  the  Chameleon,  the  organ  is  ditl'«  : 
into  three  portions  (fig.  244) :  first  into  a  small  closed  vesicle  (bl), 
which  lies  under  a  transparent  scale  (x)  in  the  foramen  pari 
and  is  lined   with   ciliated  epithelium  ;   secondly  into  a  solid  cord 

28 
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(«£),  which  consists  of  fibres  and  spindle-shaped  cells,  and  bears  a 
certain  resemblance  to  the  embryonic  optic  nerve  ;  and  thirdly  into 
a  hollow,  funnel-shaped  projection  (A)  of  the  roof  of  the  between  - 
brain,  which  still  exhibits  here  and  there  sac-like  enlargements. 

In  a  third 
division  of  the 
Reptiles,  in 
Ha  1 1  er  ia, 
Monitor,  the 
Blind-w  o  r  m  s, 
and  Lizards, 
the  vesicular 
distal  portion 
of  the  pineal 
gland  under- 
goes a  striking 
metamo  r  p  h  o- 
sis,  by  means 
of  which  it  ac- 
quires a  certain 
resemblance  to 
the  eye  of  many 
In  vertebra  t  e  s 
(fig.  245).  The 
portion  of  its 
\v;ill  whii-h  lies 
next  to  the  sur- 
face of  the  body 
has  been  tran- 


Tig.  245.— Longitudinal  vertical  section  through  the  pineal  eye  of 
Hatteria  punctate  and  its  connective-tissue  capsule,  after  BALDWIN 
SPKNCEK.  Slightly  enlarged. 

The  anterior  part  of  the  capsule  fills  up  the  parietal  foramen. 

K,  Connective-tissue  capsule;  I,  lens;  h,  cavity  of  the  eye  filled  with 
fluid ;  r,  retina  like  portion  of  the  optic  vesicle  ;  M,  molecular 
layer  of  the  retina ;  g,  blood-vessels ;  x,  cells  in  the  stalk  of  the 
pineal  eye  ;  St,  stalk  of  the  pineal  eye,  comparable  with  the  optic 
nerve. 


formed  into  a 
lens-like  struc- 
ture (I) ;  tho 
part  of  the  wall 
IviiiLr  (>]•; 
the  latter  and 
continuous 

with  (In-  fil.i-.Mis  cord  (St)  has,  on  the  contrary,  been  conv.  ri«  d  into 
a  retina-like  structure  (r).  The  formation  of  the  lens  (I)  Is  due  to 
the  fact  that  the  epithelial  cells  of  the  anterior  wall  of  the  vesicle 
have  become  elongated  into  cylindrical  cells  and  uninucleate  fibres, 
and  have  thereby  produced  an  elevation,  the  convex  surface  of  wlm-h 
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projects  into  the  cavity  of  the  vesicle.     In  the  posterior  portion  the 

epithelial  <•«  11s  are  separat«d  into  dill',  i-.  nt  lay.  rs.  the  innermost  of 
which  is  distinguished  by  the  abundance  of  its  pigment.  Between 
the  pigment  i  d  e.  11s  there  are  imbedded  oth.-rs  which  .an  be  compared 
to  the  r<xls  of  tho  visual  c.-lU  in  the  |  eg  of  Vertebrates, 

and  which  appear  to  U-  in  i-i>nnoction  below  with  nerve- fibres. 

Those  investigators  who,  like  RABL-Ri  <  KIIAKI>,  AHUIOBN, 
Si  i ACER,  and  others,  have  studied  the  pineal  gland,  ar>  of  opinion 
that  the  jn'nt'>it  tun?'/  must  In-  ciinsidered  aa  an  '  eye, 

whicJi  In  many  classes,  for  example  in  Reptiles,  "///•••//•*  to  be  toln 
reserved,  but  in  most  Vertebrates  is  in  process  of  degeneru ' 

That  we  have  to  do  in  Reptiles  with  an  organ  which  i«  art-  u 
the  influence  of  light,  does  not  appear  improbable,  when  one  t 
into  consideration  that,  owing  to  the  tran-i  t'  the  dermal 

scutes  at  the  place  in  the  skull   where   the  parietal   foramen  i> 
located,  rays  of  light  are  here  able  to  penetrate  through  the  integu- 
ment.     The   presence   of   a   lens-like   body   and    pigment    is 
favorable  to  this  view.      But  whether  the  organ  serves  for  sight, 
or   only   for   the  transmission  of  sensations  of  warmth, — whe- 
consequently,  it  is  more  an  organ  for  the  perception  of  \  han 

an  eye, — must  for  the  n  main  undecided.     It  Is  still  more 

an  open  question  whether  this  organ   of   warmth   is   a   strn. 
which  has  In -.  n  developed  as  a  special  modification  of  the  ej.ipi 
of   Reptiles   alone, — as   the   auditory    sac,    for   example,    has    i 
developed    in    the   tail   of   the    (.YuM.-ici.-aii    My>i>, — or    win . ther   it 
represents  a  structure  originally  common  to  all  Vertebrates.     In  the 
latter  case  proccs.-  generation  must  be  assumed  to  be  wide- 

id,  for   up  to  the  present   time   nothing  like   the   condition  in 
Reptiles  has  been  found  in  other  Vertebrates. 

In  Birds  and  Mum  amis  the  pineal  process  undergoes  metamor- 
phoses which  give  rise  to  an  ore/a  dar  structure. 

In    Birds   (fig.    246)   it   never   attains   such   great  length   as   in 

liians  and   Reptihs.     At  a  certain  stage  it  sends  out  fro  i: 
surface  into  the  surrounding  vascular  coniuv  c.  llular  out- 

growths, which  increase  in  number  by  means  of  budding  and  finally 
break  up  into  numerous  small  follicles  (tig.  24G/).  These  consist  of 
several  layers  of  cells,  the  outermost  being  small,  spherical  elements, 
the  innermost  cylindrical  ciliated  cells.  The  proximal  portion  of  the 
pint al  process  does  not  become  involvtd  in  the  foilieular  metamor- 
phosis and  persists  as  a  funnel-shaped  outfolding  of  the  roof  of  the 
between-brain ;  the  individual  foilieular  vesicles  constricted  off  from 
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the  parental   tissue   are   united  with  its  upper  end  by  means  of 

connective  tissue. 

In  Mammals  the  development  takes  place  in  a  manner  similar  to 

that  of  the  Chick.     In  the  Rabbit  there  also  arise  follicles,  each  of 

which  at  first  encloses  a  small 
cavity,  but  later  becomes  solid. 
They  are  then  entirely  filled  with 
spherical  cells,  which  possess  a 
certain  resemblance  to  lymph- 
corpuscles.  The  opinion  has 
therefore  been  expressed  by  many 
(HENLE)  that  the  pineal  body  is 
a  lymphoid  organ,  an  opinion. 

Fig.  2«5.-Section  through  the  pineal  gland      however,  which  is  refuted  by  the 

of  a  Turkey,  after  MIHALKOVICS.    Mag-       study    of    the     development,     for 
nified  180  diameters.  "        ..         .         _  ...  . 

/.Follicle  of  the  pineal  gland  with  its  cavities;      genetically  the   tollicles   are  ex- 
b,  connective  tissue  with  blood-vessels.          clusively  epithelial  structures. 

In  the  adult  there  are  formed 

within  the  individual  follicles  concretions,  the  brain-sand  (acervulus* 
cerebri). 

In  Man  the  pineal  body,  which  begins  to  appear  in  the  sixth  week 
(His),  exhibits  a  peculiarity  as  regards  its  position.  Whereas  the 
free  end  of  the  epiphysis  is  at  first  directed  forward,  and  in  other 
Vertebrates  is  also  retained  in  this  position,  it  acquires  in  Man  an 
opposite  direction,  inasmuch  as  it  bends  backward  on  to  the  surface  of 
the  lamina  quadrigemina.  Probably  this  is  connected  with  the  fact 
that  the  gland  is  crowded  back  by  the  excessive  development  of  the- 
corpus  callosum. 

As  the  signification  of  the  pineal  gland  is  still  doubtful,  so  is  that 
of  the  pituitary  body  or  hypophysis  cerebri,  which,  as  has  been 
previously  mentioned,  is  united  with  the  floor  of  the  between-braiu 
at  the  apex  of  the  infundibular  process. 

The  Development  of  the  Hypophysis  (Pituitary  Body). 

TJie  hypophysis  is  an  organ  which  IMS  a  double  origin.  This  is 
expressed  in  its  entire  structure,  since  it  is  composed  of  a  larger, 
anterior  and  a  smaller,  posterior  lobe,  which  in  their  histological 
characters  are  fundamentally  different  from  each  other. 

In  order  to  observe  the  beginning  of  its  formation,  it  is  necessary 
to  go  back  to  a  very  early  stage  (fig.  237),  in  which  the  oral  sinus 
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has  jusr  arisrii  and  is  still  separated   from  tin-  cavity  «.f  l  ho  head-gut 
t.y  meutfl  ol   tin'  pharyngeal  membrane   (rA).      At  this  time  the 
cephalic  tlexure  of  the  1  -rain- \  esides  has  already  appeared,  and  the 
••i'-r  end  of  the  chorda   dorsalis   (ch)   terminates  immediately 
behind  (In-  attachment  of  the  pharyngeal  membrane.     In  fn>i 
this  i^  heated  ihe  important  pi  a  c«  •  \v  I  I«M«  t  he  hypophysis  is  developed, 
as   was  first   established  by  GOKTTK  and    M  in  M.KOVICS.     The  I 
y/////s/s  /s  //,,  re  fore  a  pr<  '<e  outer  y  and  not  a  growth 

from  (lie  cavity  of  the  head  gut,  as  had  always  been  maintained 
pre\  inn-  to  tlii-  time. 

The  first  steps  introductory  to  the  formation  of  tin-  hypophysis 
tab  place  soon  after  the  rupture  of  the  pharyngeal  membrane 
(figs.  238,  247),  some  unimportant  remnants  of  which  are  retained 
at  the  base  of  the  skull  as  the  so-called  priin  num. 

Anterior  to  these  there   is   now   developed  (in    th<>    Chick  on  the 
fourth  day  of   incubation,  in  Man  during  tin-   fourth   \vr»-k.   Hi- 
small  c\  agination,  the  pouch  O/*RATHKE  or  the  kyns 

(/<//)»  which  grows  to- 
ward the  base  of  the 
b  e  t  w  e  e  n-b  rain  (tr). 
Tli* MI  it  becomes  deeper, 
1't'^ins  t«>  be  constricted 
off  from  its  parent  tissue, 
and  to  be  metamor- 
phost  d  into  a  small  sac, 
\\hos-  wall  is  compo-rd 
of  several  layers  of  c\  1  i n - 
drical  cells  (fig.  248). 

TJie  sac  of  the  hypo- 
physis (hy)  remains  for 
a  long  time  in  connec- 
tion with  the  oral  ca\  it y 
by  means  of  a  narrow 
duct  (hyy).  In  later 
Ma  gos,  however,  the 
connection  in  tho 
higher  Vertebrates  is 

interrupted,  because  the  embryonic  comuvtiv  tissue,  \\hich  supplies 
the  foundation  for  the  development  of  the  skeleton  of  the  head, 
becomes  thickened  and  crowds  the  sac  farther  away  from  the  oral 
cavity  (figs.  248,  249).  When,  later  on,  the  process  of  chondrification 


Fig.  247.-  Median  sagittal  section  through  the  hypophysis 
of  a  Kabbit  embryo  12  mm.  long,  a:  .vies. 

Magnified  50  diameters. 

>r  of  the  between-brain  with  the  infundibulum  ; 
nh,  floor  of  the  after-braio  ;  ch,  chorda ;  Ay,  pocket 
of  the  hypophysis. 
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schb  hyg       schb 

Fig.  248.  — Sagittal  section  through  the  hypophysis  of  a  Rabbit 

embryo   20   mm.    long,    after    MIHALKOVICS.     Magnified   55 

diameters. 
tr,  Floor  of  the  between-brain  with  infundibulum ;  hy,  hypophysis ; 

hy",  part  of  the  hypophysis  in  which  the  formation  of  the 

glandular   tubules   begins ;    hyg,    duct   of   the    hypophysis ; 

schb,  base  of  the  skull ;  ch,  chorda ;  si,  dorsura  sells?. 


takes  place  in  the  connective  tissue,  by  means  of  which  the  carti- 
laginous base  of 
the  skull  (schb)  is 
established,  the 
sac  of  the  hypo- 
physis (hy)  comes 
k  to  lie  above  the 
latter  at  the  under 
surface  of  the  be- 
tween-brain (tr). 
At  this  time  also 
the  duct  of  the 
hypophysis  (hyg), 
which  meanwhile 
has  lost  its  lumen, 
begins  to  shrivel 
and  degenerate 
(fig.  249).  In 
many  Vertebrates, 
however,  as  in  the 

Selachians,  it  is  retained  throughout  life  and  forms  a  hollow  canal, 

which  perfo- 
rates the  carti- 
laginous base 

of  the  skull  and 

is  united  with 

the  epithelium 

of  the  mucous 

membrane     of 

the  mouth.    In 

extremely  rare 

cases  there    is 

retained   in 

Man     also     a 

canal    in     the 

basi-sphenoid, 

which  leads 

from  the  sella 

turcica  to  the 

base  of  the  skull   and  receives  a  prolongation  of   the  hypophysis 

(SUCHANNEK). 


Khb      


Fig.  249.-8agittal  section  through  the  hypophysis  of  a  Rabbit  embryo 
80  mm.  long,  after  MIHALKOVICS.  Magnified  40  diameters. 

tr,  Floor  of  tlie  between-brain  with  infundibulum  ;  hy,  original  ponch- 
like  part  of  the  hypophysis  ;  htf,  the  glandular  tubules  which  hare 
budded  out  from  the  sac  of  the  hypophysis;  si,  dorsum  sellae; 
ba,  basilar  artery;  cA,  chorda  :  scfib,  cartilaginous  base  of  the  skull; 
em,  epithelium  of  oral  cavity. 


Till  I    GERM- LA 

Ai    .MM    earl)    period   ai  'n   the    •  •  rain 

Mii>.  -17,  •_'!'.'  i,  calh-d  the  infuiidihiiluiii 

fresao  of  the  hypophysis  and  appli  ,  .r  wall  of 

tin-   latter,  whi'-li    it    lias    folded    in    fuaid   the  a  i  '  :•    opposite 

wall. 

Tl.i  i  by  a   M  &  ii-l.  in    which  tin-   >ac  ami 

adjoining  end  of  tin-  infundilmlum  are  metamorphosed  into  tin-  t\\o 
Miplete  organ  already  mei  tioi  .,1. 

The  sac  begins  (in   Man  in  half  of  the  second 

Big)  to  801    i  <>ut  from  :  |  •  into  the  MM  •, 

connective  tissue   hollow   tubn 

•  /<//').      Thes-»  are  then  detached  from  tin*  walU  of  th. 

l»y  becoming  enclosed  on  all   >id«-s  l>y  va>cnlar  issue. 

In  this  respect  the  process  of  development  agrees  in  the  main  with 
thai  of  tin*  thyroid  inland,  only  that  th.-  .-plu-riral  f  •Mirl.-s  aiv  li.-n- 
represented  by  tubular  structures.  Aft  -r  ti  sac  has  been 

\e,l  into  a  large  number  of  small,  tortuous  tub  Med  with 

narrow  lumina,  the  lobe  thus  produc  d  aj>;>li«s  i;  ,  tl,.- 

lower  end  of  the   infundibulum,  with   whii-li   it   1  d  by 

means  of  connective  tis- 

The  end  of  the  infundibulum  itself  i-  :ned  in  the  1- 

uto  a  small  lobe  of  the  In-nin.  in  \\hich,  moreover, 
^.•inglionic  cells  and  nerve-fibres  can  be  identified.  In  the  higher 
Vertebrates,  on  the  contrary,  no  trace  of  such  hlstological  elements 
can  be  detected  in  the  posterior  lobe  of  the  hypophysis,  which  in 
these  forms  consists  of  closely  packed  sj»i:  m  1  thu 

a  close  resemblance  to  a  spindle-cell  sarcoma. 

(5)  Development  of  the  First  or  Fore-J> 

The  most  important  change-,  the  comprehend >n  of  which  is  in 
part  attendel  with  serious  difficult ii-s.  take  place  in  the  vehicle  of  the 
fore-brain  ->i  i-prehruni.  It  is  divided  (fig.  250),  e  .••  time  of 

it>  formation,  as  has  air.  ady  hem  n.,  _^ht  and  a  left 

portion,  owing  to  the  fact  that  its  wall   becomes  infolded  from  in 
front  and  from  above  by  means  of  a  vertical  pror.-.s  of  the  connective 
ti>sue  envelope  of  the  brain,  the  primitive  falx.     The  two  porti 
the  vesicles  of  the  hemispheres  (Am*),  c.nn->  close  together,  being 
M'pa rated  by  only  the  narrow  longitudinal  or  interpallial  ti^sui  e  ( iiisp), 
which  is  iill.  d  up  by  the  falx,  so  that  their  median  StuH  ome 

mutually  flattened,  whereas  their   lateral   and  under  surfaces  are 
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convex.     Where  the  plane  and  convex  surfaces  are  continuous  with 
each  other  there  is  a  sharp  bend  in  the  mantle  (Mantelkante). 

The  vesicles  of  the  hemispheres  at  first  have 
thin  walls  formed  of  several  layers  of  spindle- 
shaped  cells  (fig.  251,  i)  and  each  encloses  a 
large  cavity,  the  lateral  ventricle  (fig.  251), 
which  is  derived  from  the  central  canal  of  the 
neural  tube.  Inasmuch  as  these  have  been 
reckoned  by  the  earlier  authors  as  the  first  and 
second  ventricles,  it  is  plain  why  the  cavities 
of  the  between-brain  and  medulla  oblongata  are 
respectively  designated  as  the  third  and  fourth 
ventricles.  In  Man,  during  the  earlier  months, 
each  lateral  ventricle  is  in  communication  with 
the  third  ventricle  by  means  of  a  wide  opening, 
the  primitive  foramen  of  MONRO  (figs.  239  ML 
and  254  m). 


Fig.  250. -Brain  of  a 
human  embryo  seven 
weeks  old,  parietal 
(Scheitel)  aspect,  after 

MlHALKOVICS. 

msp,  Interpallial  (longi- 
tudinal) fissure,  at  the 
bottom  of  which  u  seen 
the  embryonic  lamina 
terminal  is  (Schluss- 
platte)  ;  hms,  left  hemi- 
sphere ;  di,  between- 
brain  ;  mh,  mid-brain ; 
hh,  hind -brain  and 
after-brain. 


Anterior  to  the  foramen  of  MONRO  lies  the  part  of 
the  wall  of  the  cerebrum  which  was  infolded  by  the 
development  of  the  great  interpallial  fissure  :  on  the 
one  hand  it  effects  the  anterior  union  of  the  walls  of 
the  two  hemispheres  ;  on  the  other  it  bounds  the  third 

ventricle  in  front,  and  is  therefore  called  the  anterior  closing  plate  (lamina 

terminalis).      It  is  continuous 

below  with  the  anterior  wall  ^  2. 

of    the  infundibulum    of    the 

between-brain. 

In  the  further  develop- 
ment of  each  vesicle  of  the 
hemispheres  four  processes 
are  intimately  associated  : 
( 1 )  an  extraordinary  growth 
and  an  enlargement  in  all 
directions  resulting  from 
it ;  (2)  an  infolding  of  the 
wall  of  the  vesicle,  so  that 
externally  there  arise  deep 
clefts  (the  fissures),  and 
internally  projections  into 

lateral  ventricles;  (3)  the  development  of  a  system  of  commissures, 
by  means  of  which  the  right  and  left  hemispheres  are  brought  into 
closer  union  (corpus  callosum  and  fornixV  (4)  the  formation  of 


Fig.  251.— Brain  of  a  human  embryo  of  three  months, 
after  KOLLIKER.  Natural  size. 

1.  From  above  with  the  hemispheres  removed  and  the 
mid-brain  opened.  2.  The  same  from  below. 
/,  Anterior  part  of  the  marginal  arch  (Randbogen) 
of  the  ocrebrum  cut  through ;  /',  posterior  part 
(hippocampus)  of  the  marginal  arch ;  tho,  optio 
thalamus ;  ctt,  corpus  striatnm  ;  to,  tractus  opticua ; 
cm,  corpora  mammillaria  ;  p,  pons  Varolii. 


Tin:  ORGANS  or  1HI  0  HI 

furrows  that  cut  int..  li  <  the  ren-bruin  more  or  less  deeply 

from  the  outside,  btri  cause  no  correspond  rxud  proje 

tin-  wall  of  tin-  ventricle. 

A  ml>  its  Lfeni  -ra  1  .  the  embryonic  growth  of  the  cerebral 

lea  is  e-pecially  characterised  by  an  «  nlar^em.-nt  1,  .      Jn 

the  thii-il  month  tlio  posterior  loin-  already  coinj.l.-i.-ly  overlies  the 
optic  thalainus  (til  D  tin-  tifth  month  it  begins  to  extend  over 

the  corpora  qoadrigemi]  :il>.  which  it,  entirely  covers  up  in 

the  Mxih  month.  From  there  it  spreads  over  the  cerebellum 
(fig.  25G).  The  cerebrum  is  not  characterised  in  all  .Mammals  by 
Mich  an  e\t  raordinary  growth  as  in  Man;  com;  anatomy 

teache-  lather  that  the  stages  of  development  of  the  In;  in  in 

ditlerent  months  h-  il>ed,  are  met  wit  h   in   < 

permanent  conditions. 


In  some  animals  the  i»»tenor  m:M_:i!i-  oi  the  hemUph'-ivs  extend  as  far  a? 
the  corpora  quadrigemina;  in  otlu-rs  they  cover  th«->e  more  or  less  compl- 
in others,  finally,  they  have  irmwii  o\er  tlie  i-ori-U-llum  more  or  less.     l». 
whole,  the   increase  in  the  volume   of  the  cerebrum,  which  is  so 
Mammals,  goes  han<l  in  haml  with  an  increase  in  int. 


\.  -ides  of  the  hemispheres  undergo  additional  complica- 
(in  Man  in  the  course  of  the  second  ami  third  month**),  owing  to 
infoldings  of  their  thin  walls,  which  still  enclo>e  a  large  cavity.  As 
'ilt  of  this  there  arise  on  the  outer  >nrtace  deep  furrows,  which 
separate  large  areas  from  one  another  and  which  have  been  designated 
as  total  furrows  or  fissures  by  His,  who  has  riirhily  r>iimated  their 
importance  in  the  architecture  of  the  brain.  Corresponding  to  the 
furrows  which  are  visible  on  the  outer  surfai  •••,  there  are  more  or  less 
prominent  elevations  on  the  inner  surface  of  the  lateral  ventricles, 
by  means  of  which  the  latter  become  narrowed  and  reduced  in  size. 
The  total  furrows  of  the  cerebral  hemispheres  are  the  fissure  of 
SYLVIUS  (fossa  Sylvii),  the  arcuate  ik-ure,  embracing  the  hippo- 
campal  fissure  (fissura  hippocampi),  the  lis-ura  »  h 
calcarina,  and  the  fissura  parieto-occipitalis.  The  elections  produced 
by  them  are  called  the  corpus  striatum,  foi  nix  and  pes  hippocampi, 
tela  choroidea  and  calcar  avis.  A  prominence  which  in  the  embryo 
corresponds  to  the  lisMira  parieto-occipitali-.  becomes  obliterated  in 
the  adult  by  a  considerable  thickenini:  of  the  \\all  of  the  brain,  so 
that  no  permanent  structure  results  from  it. 

Thefasure  of  SYLVIUS  (fig,   _T)2  Sy.g)  is  the  first  one  formed.     It 
appears  as  a  shallow  depression  of  the  conrex  outer  surface  at  about 
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the  middle  of  the  lower  margin  of  each  hemisphere.  The  part  of 
the  wall  which  is  thus  depressed  becomes  considerably  thickened 
(figs.  243,  251  cst,  and  254  st),  and  forms  an  elevation  on  the  floor  of 
the  cerebrum  projecting  into  its  cavity,  the  corpus  striatum,  in  which 
several  nuclei  of  gray  matter  are  developed  (the  nucleus  caudatus,  the 
nucleus  lentiformis,  and  the  claustrum).  Inasmuch  as  the  elevation 
lies  at  the  base  of  the  brain  and  forms  the  direct  forward  and  lateral 
continuation  of  the  optic  thalamus,  it  is  regarded  as  belonging  to 
the  brain-stalk,  and  is  distinguished  as  the  stalk  part  of  the  cerebral 
hemispheres  in  distinction  from  the  remaining  portion  or  mantle  part. 
The  outer  surface  of  the  stalk  part  can  be  seen  from  the  outside  for 
a  time, — as  long  as  the  Sylvian  fissure  is  still  shallow  (fig.  252  Sy.g), 


echei.l 


Fig.  252.— Lateral  view  of  the  brain  of  a  human  embryo  during  the  first  half  of  the  fifth  month, 

after  MIHALKOVICS.    Natural  size. 
ttl,  Frontal  Jobe  ;  schei.l,  parietal  lobe  ;  hi,  occipital  lobe;  schl.l,  temporal  lobe;  Sy.g,  fissure 

of  SYLVIUS  ;  rn,  olfactory  nerve  ;  kh,  cerebellum  ;  br,  pons  ;  mob,  medulla  oblongata. 


— but  it  then  becomes  entirely  overgrown  and  hidden  by  the  edges  of 
the  gradually  deepening  fissure.  Later  this  surface  acquires  in  the 
embryo  several  cortical  furrows  and  becomes  the  island  of  REIL 
(insula  Reilii),  or  the  central  lobe  (Stammlappen). 

The  mantle  portion,  as  it  enlarges,  spreads  out  uniformly  around 
the  island  of  REIL,  as  though  about  a  fixed  point,  and  surrounds  it 
in  the  form  of  a  half-ring  open  below  (fig.  252) ;  on  this  account  it 
nas  received  the  name  ring-lobe.  Even  now  the  regions  of  the  four 
chief  lobes  into  which  the  convex  surface  of  each  hemisphere  is 
subsequently  divided  can  readily  be  distinguished,  although  they  are 
not  yet  sharply  limited.  The  end  of  the  half  -ring  which  is  directed 
forward  and  lies  above  the  fissure  of  SYLVIUS  (Sy.g)  is  the  frontal 
lobe  (sfl) ;  the  opposite  end,  which  embraces  the  fissure  behind  and 
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•  w,  is  the   temporal    lobe   (schl.l  <  u'ion   lying  above  and 

conneciini:  the  tu<>  is  tin-  parietal  lobe  (achei.l).  A  prominence 
which  is  (level"))  .1  from  tin-  ring-lobe  backward  becomes  the  occipital 
lobe  (hi). 

The  hilt-mi  ventricle  has  also  become  a  1 ' 

external  form  of  each  hemisphere  (fig.  253).     It  also  assume 
shape  of  a   halt'-rinir.    which    lies  above  ami  Is    the    corpus 

striatuin  (cst) — that  part  of  the  wall  of  tliu  vesicle  which  is  forced 
inward  by  t  he  fissure  of  SM.MCS.  Subsequently.  \\  ^dividual 

lobes  of  the  hemispheres  are  more  sharply  dill,  n-ntiated  from  one 
MI,  the  lateral  vent  rid.  a  \^o  undergoes  a  subdivision  correspond- 
ing to  the  lobes.  It  becomes  slightly  enlarged  at  both  end-,  in  front 
into  the  anterior  cornu  occupying  the  frontal  lobe,  behind  and  below 
into  the  inferior  cornu  of  the  temporal  lobe.  Finally,  from  the  half- 
ring  there  is  developed  a  small  evaluation,  the  posterior  cornu, 
which  extends  backward  into  the  occipital  lobe.  The  region  lying 
between  the  horns  is  narrowed  and  becomes  the  cella  mulia. 

All  the  fissures  hitherto  mentioned,  except  that  of  SYLVIUS,  are 
developed  on  the  plane  [median]  surface  of  the  vesicle  of  the 
hemispln 

At  a  very  early  stage — in  Man  in  the  tifth  week  (His)— there  arise 
on  this  wall  of  the  hemisphere  two  furrows  running  almost  parallel 
with  the  edge  or  bend  of  the  mantle,  the  arcuate  or  hippocampal  fissure 
and  the  fissure  of  the  choroid  plexus  (fasura  hippocampi  and^/waura 
cJwroidea) ;  both  conform  very  closely  in  their  direction  to  the  ring- 
lobe,  and,  like  it,  with  crescentic  form  embrace  from  above  the  stalk 
part  of  the  cerebrum,  the  corpus  striatuin.  Ti  :i  at  the 

foramen  of  MONRO  and  extend  from  there  to  the  tip  of  the  temporal 
lobe,  forming  the  boundaries  of  a  region  known  as  the  marginal  arch 
(Randbogen);  this  projects  as  a  thick,  ning  on  the  median  surface  of 
the  hemisphere,  and  takes  part  in  the  development  of  the  commissural 
system.  The  imaginations  of  the  median  wall  of  the  ventricle,  caused 
by  the  fissures,  the  hippocampa  I  fold  and  the/o  Id  of  MM  lateral  charoid 
plexus,  are  best  understood  by  removing  in  an  embryo  the  lateral 
wall  of  the  hemisphere,  so  that  one  can  survey  the  inner  surface  of 
the  median  wall  of  the  still  very  spacious  and  ring-like  lateral 
ventrick  (fig.  253).  The  cavity  is  then  seen  to  be  partly  filled  with 
a  reddish  frilled  fold  (((''/), which  lies  in  the  form  of  a  crescent  on  the 
upper  surface  of  the  corpus  striatuin  (ex/).  In  the  region  of  the  fold 
the  wall  of  the  brain  undergoes  changes  similar  to  those  in  the  roof 
of  the  medulla  oblongata  and  of  the  vesicle  of  the  between-brain 
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(figs.  254  pi  and  255  oaf).    Instead   of  thickening  and  developing 

nerve-substance,  it  becomes 
attenuated,  and  is  trans- 
formed into  a  single  layer 
of  flat  epithelial  cells,  which 
are  firmly  united  with  the 
pia  mater.  The  latter  then 
becomes  very  vascular  along 
the  entire  fold,  and  grows 
into  the  lateral  ventricle  in 
the  form  of  tufts,  which 
carry  the  epithelium  before 
them.  In  this  way  the 
lateral  choroid  plexus  arises 


Fig.  253.-  Lateral  view  of  the  brain  of  an  embryo  Calf 

5  cm.  long.    The  lateral  wall  of  the  hemisphere 

has  been  removed.    After  MIHALKOVICS.    Magni- 
fied 3  diameters. 
ust,  Corpus  striatum  ;  ML,  foramen  of  MOXRO  ;  agf, 

plexus   choroideus   lateralis ;    amf,    hippocampal 

fold ;    kh,  cerebellum ;    Dp,  roof  of  the   fourth 

ventricle ;   66,  pontal  flexure ;   7710,  medulla  ob- 

longata ;  mh,  mid-brain  (parietal  flexure). 

(fig.  254  pi),  which  afterwards,  in  the  adult,  fills  a  part  of  the  cella 
media  and  in- 
ferior cornu. 
It  begins  at 
the  foramen  of 
MONRO  (fig. 
253  JlfZ/\where 
it  is  continuous 
with  the  an- 
terior unpaired 
choroid  plexus 
which  has 
arisen  in  the 
roof  of  the  be- 
tween-brain 
vesicle.  If  the 
delicate  vas- 
cular pia  mater 
is  drawn  out 
from  the  cho- 
roid fissure,  the 
wall  of  the 
brain,  which  is 
reduced  to  a 
thin  epithe- 
lium, is  at  the  same  time  destroyed,  and  there  is  produced  in  the 
median  wall  of  the  hemisphere  a  gaping  fissure,  which  extends  from 


Fig.  254.— Transverse  section  through  the  brain  of  an  embryo  Sheep 

27  cm.  in  length,  after  KOLLIKEK. 

The  section  passes  through  the  region  of  the  foramen  of  MOXRO. 
st,  Corpus  striatum ;  TO,  foramen  of  MONRO  ;  t,  third  ventricle ;  pi, 

plexus  choroideus  of  the  lateral  ventricle ;/,  f  alx  cerebri ;  th,  deepest 

anterior  part  of  the  optic  thalamus ;  ch,  chiasma  ;  o,  optic  nerve  ; 

c,  fibres  of  the  crus  cerebri;  h,  hippocampal  fold;  p,  pharynx; 

«a,  picsphenoid ;  a,  orbito-sphenoid ;  «,  part  of  the  roof  of  the 

brain  at  the  junction  of  the  roof  of  the  third  ventricle  with  the 

lamina  terniinalis;  I,  lateral  ventricle. 
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the  foram. n  nt'  Mn\K<>  to  the  tip  of  the  temporal  lobe  and  leads  from 
the  outside  into  the  lateral  ventricle.  This  is  the  lateral  cerebral  fit- 
sure,  or  t he  great  Jissw  h arcs  (fissura  cerebri  transv.  • 

In  a  preparation  made  in  the  manner  described  the  hippocampal 
is  to  be  seen  at  a  sh<  ro  from  the  choroid  plexus  and 

parallel  to  it  (figs.  253  an.l  tnd  fig.  254  /*).     This  increases 

in  .-i/.e  toward  the  apex  of  tin-  interim-  cornu.  and  in  the  completely 
formed    brain   produces   the   cornu  Ammonis  or    pes   hippocampi. 
Consequently  that  part  of  the  lateral  vent  rifle  en<-lo>.  d  in  the  tem- 
poral lobe  becomes  (as  the  result   «,!'   r.vo  inMdings  of  its  m. 
wall)  restricted 

by     two     pro-  ^^ *   A* 

jections,  the 
choroid  plexus 
and  the  cornu 
Ammonis.  As 
in  the  between 
hrain  and  me- 
dulla oblon- 

^•;ila.  tl.- 
thelial  covering 
of  the  choroid 
plexus  is  con- 
tinuous  with 
the  thicker 
ner  ve-s  u  1»- 
oe  of  the 
cornu  A  m- 
The 

transition  i>  etYec-ted  l»y  means  of  a  thin  medullary  plate,  which  in 
anatomy  is  described  as  the  tinihrin. 

Inasmuch  as  the  occipital  lobe  with  its  cavity  develops  as  an 
evagination  of  the  ring-lobe,  the  fissura  calcarina  belonging  to  it 
i>  therefore  developed  somewhat  later  than  the  arcuate  fissure 
(fig.  241  fc).  It  appears  at  the  end  of  the  third  month  as  a  fissure 
1. ranching  off  from  the  latter,  and  rui.s  in  a  hori/.ontal  direction  until 
near  the  apex  of  the  occipital  lobe.  It  invaginates  the  median  wall 
of  the  lobe  and  produces  th-  IWt,  which  invades  the  posterior 

cornu  in  the  same  way  as  the  hippocampus  major  (cornu  Amnx 
does  the  inferior  cornu.     At  the  beginning  of  the  fourth  month  the 
fissura  occipitalis  (fig.  241  fo)  is  added  to  it.     The  latter  rises  from 


Fig.   255.- Transverse  section  through 

3-8  cm.  in  length,  nftor  M:n  u  KOVICB.    Magnified  9  diameter*. 
The  section  passes  through  the  foramina  of  M 
hs,  Great  falx  cerebri  which  fills  up  the  interpallial  fissure ;  A1,  A*,  plane 

inner  [median]  and  convex  outer  wall  of  the  cerebral  hemisphere; 

agf,  fold  « •:  •  ; »>caropal  fold  ;  /,  f 

n,  lateral  M-MM 

di,  optic  chiasma ;  frx",  descending  root  of  the  foraix. 
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the  anterior  end  of  the  fissura  calcarina  in  a  vertical  direction  to 
the  bent  rim  of  the  mantle  (Mantelkante),  and  sharply  separates  the 
occipital  and  parietal  lobes  from  each  other. 

A  third  factor  of  great  importance  in  the  development  of  the 
cerebrum  is  the  formation  of  a  system  of  commissures,  which  sup- 
plements the  connection  of  the  two  cerebral  vesicles,  at  first  effected 
by  the  embryonic  lamina  terminalis  only.  Those  investigators  who 
have  occupied  themselves  with  these  difficult  matters  assert  that  in 
the  third  embryonic  month  fusions  take  place  between  the  facing 
median  walls  of  the  hemispheres.  These  fusions  begin  in  front  of 
the  foramen  of  MONRO  within  a  triangular  area.  The  fusions  in  this 
region  occur  only  at  the  periphery,  not  in  the  middle  of  the  area. 
Three  parts  of  the  brain  of  the  adult  are  thus  produced :  in  front,  the 
genu  of  the  corpus  callosum,  behind,  the  columns  of  the  fornix,  and 
between  them,  the  septum  pellucidum  ;  the  latter  contains  a  fissure- 
like  cavity,  in  the  region  of  which  the  contiguous  walls  of  the  hemi- 
spheres, here  very  much  attenuated,  have  remained  separated  from 
each  other.  Consequently  the  cavity  just  mentioned — the  ventriculus 
septi pellucidi  [or  fifth  ventricle] — ought  not  to  be  placed  in  the  same 
category  with  the  other  cavities  of  the  brain  ;  for  while  the  latter  are 
derived  from  the  central  canal  of  the  embryonic  neural  tube,  the 
former  is  a  new  production,  which  has  arisen  by  the  enclosure  of  a 
portion  of  the  space  lying  outside  the  brain  between  the  two  hemi- 
spheres— the  naiTOw  interpallial  fissure. 

A  further  enlargement  of  the  commissural  system  is  accomplished 
in  the  fifth  and  sixth  months.  The  fusion  now  proceeds  still 
farther,  advancing  from  in  front  backwards,  and  involves  that  region 
of  the  median  walls  of  the  hemispheres  which,  situated  between  the 
arcuate  fissure  [above]  and  the  fissure  of  the  choroid  plexus  [below], 
has  already  been  described  as  the  marginal  arch  (Randbogen).  By 
fusion  of  the  anterior  part  of  the  marginal  arch  with  its  fellow  of  the 
opposite  side, — which  process  takes  place  as  far  as  the  posterior  limit 
of  the  between-brain, — there  arise  the  body  of  the  corpus  callosum 
and  the  splenium,  as  well  as  the  underlying  fornix.  The  furrow 
bounding  the  corpus  callosum  above  (sulcus  corporis  callosi)  is  there- 
fore the  anterior  part  of  the  arcuate  furrow,  whereas  the  posterior 
portion,  that  of  the  temporal  lobe,  is  subsequently  known  as  the 
fissura  hippocampi. 

The  structure  of  the  cerebrum  is  completed  by  t/ie  appearance  of 
numerous  cortical  furrows.  These  differ  in  rank  from  the  total  furrows 
already  described,  because  they  are  confined  to  the  outer  surface  of  the 
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'.rain  and  do  not  cause  corresponding  projections  into  the  ventricles. 
Th.  ir  t'..nii:iii..n  IK -ins  as  soon  as  the  wall  of  the  brain  becomes 

In  thickness  hy  tin* development  of  white modui 
•ubstanoe,   whu-h  occurs  during  and  after  the  fifth  month.     This 
is  due  to   the  far  i-ortex  with  its  g.-i  cells 

re  rapidly  in  sup.  riu-ial  extent  than  the  white  substance 
and  is  then  t'«»:v  rai>  d  into  folds,  the  cerebral  convolutions  or  gyri, 
into  which  only  thin  processes  of  white  substance  penetrate.  At 
first,  theivt'.'iv.  tli.-  furrows  are  quite  shallow;  they  become  deeper 
in  proportion  as  the  hemispheres  become  thicker  and  the  cor 

project     I'.-irtl 
\\aitl. 

Of  the  numerous  fur- 
rows which  the  completely 
formed  brain  presents,  some 
appear  during  the  develop- 
ment earlier,  others  later. 
Thus  they  acquire  diffri 

values    in     the    architect  111'. 

of     the    cerel»ral     sin; 
1  'or   '•//<• 

urs  the   deeper    it    le- 

'•tter     it 

pears  the   shallower  it  is" 

(PAXSCH).      The  first   are 

mart    i/npor- 

Fig.  256.— Brain  of  a  human  embryo  at  the  beginning 

taut  ami  WlUtimt  ones,  and  Of  the  eighth  menth,  after  MIIIAI.KOV  us.    Three- 

are    fdti  ,>,,!,,     to    I,  f    fourth,  natural  «i». 

J  <tf,  Central  furrow ;  vew,  *cw,  anterior  and  posterior 

gitisMd  </.N-  cl,  [*>f  or  prim  central  oonvolution* ;  fo,  fljsur*  oocipiulia. 


from     the    subse- 
quently/' secondary  and  '  >-s.    They 
begin  to  appear  at  the  commencement  of  the  sixth  month, 
first  of  them  to  appear  is  the  central  furrow  (fig.  25G  cf),  win. -h  i 
one  of  the  most  import ; 

loh«-s  in  in  .  ,M-h  oiliir.     "  In  the  ninth  month  i  and 

convolutions  are  formed,  and  since  at  t!  he  second 

-till   wanting,    tin*    hrain   during  tin'    ninth    month    presents  a 
typical  illustration  of  the  sulci  and  coii  ( ics). 

Very  great  difTeivnccs  exist  between  the  different  divisions  of  Mammals  in 
the  extent  to  which  the  sulci  of  the  cerebrum  are  developed.  On  the  one  hand 
are  the  Monotremcs,  Insectivores,  and  many  Rodents,  whose  cerebrum — also 
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usually  less  developed  in  other  features — possesses  a  smooth  surface,  and  thus, 
as  it  were,  remains  permanently  in  the  foatal  condition  of  the  human  brain. 
On  the  other  hand  the  brains  of  the  Carnivores  and  Primates,  owing  to  the 
great  number  of  their  convolutions,  approach  more  closely  to  the  human  brain. 

Finally,  in  treating  of  the  development  of  the  cerebrum  there  is 
still  to  be  considered  an  appendage  to  it,  the  olfactory  nerve.  This 
part,  as  well  as  the  optic  nerve,  is  distinguished  from  the  peripheral 

nerves  by  its  entire  development, 
and  must  be  considered  as  a, 
specially  modified  portion  of  the 
cerebral  vesicle.  The  older  de- 
signation of  nerve  is  therefore 
now  more  frequently  replaced  by 
the  more  appropriate  name  of 
olfactory  lobe  (lobus  olfactorius, 
rhinencephalon).  Even  at  ;ui 
early  stage — in  the  Chick  on  the 
seventh  day  of  incubation,  in 
Man  during  the  fifth  week  (His) 
— there  is  formed  on  the  floor  of 
each  frontal  lobe  at  its  anterior 
end  a  small  evagination,  which 
is  directed  forward  (figs.  240, 
241  rn).  This  gradually  assumes 
the  form  of  a  club,  the  enlarged 
end  of  which,  the  part  lying 
on  the  cribriform  plate  of  the 
ethmoid  bone,  is  designated  as 
the  bulbus  olfactorius.  The  bul- 
bus  encloses  a  cavity  which  is  in 
communication  with  the  lateral 
ventricle. 

During  the  first  month  of  development  the  olfactory  lobe,  even  in 
Man,  is  relatively  large  and  provided  with  a  central  cavity.  L 
it  begins  to  diminish  somewhat,  the  sense  of  smell  being  only 
slightly  developed  in  Man ;  its  growth  is  arrested  and  at  the 
same  time  its  cavity  also  disappears.  In  most  Mammals,  on  the 
contrary, — whose  sense  of  smell,  as  is  well  known,  is  more  acute 
than  that  of  Man, — the  olfactory  lobe  attains  a  greater  size  in  the 
adult  animal  and  exhibits  more  clearly  the  character  of  a  part  of 
the  brain,  for  it  permanently  encloses  in  its  bulb  a  cavity,  which 


Fig.  257.— Brain  of  Galeus  canis  in  situ, 
dorsal  aspect,  after  ROIIOX. 

Lol,  Lobus  olfactorius ;  Tro,  tractus  nervi 
olfactorii ;  VII,  fore-brain,  provided  at 
fn  with  a  vascular  foramen  (foramen 
nutritium);  ZU,  between -brain ;  MH, 
mid-brain ;  HH,  hind-brain  ;  NH,  after- 
brain  ;  S,  spinal  cord ;  //,  n.  options ; 
Iff,  n.  oculomotorius ;  IV,  n.  trochlearis  ; 
y,  n.  trigeminns ;  L,  Trig,  lobus  trigemini ; 
C,rett,  corpus  resti forme;  /A",  glosso- 
pharynpeus;  A",  vagus;  E,t,  eminentise 
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fnxpiently  (  I  I  or.-,-)  i-  r\»-n  in  connection  with  tin-  anterior  OQAQ 
mean-  of  :i  narrow  canal  in  tin-  tractn-  olfact  orin-. 

Tlif  olfactory  lull,-  ( /.,,/ f  '/',-,,)  attains  an  <  \tr.i< 'nlinary  develop- 
ment Mi-,  L':>7i  in  tli.-  S.-lachia,  in  \\lnVh  it  exceeds  in  size  the 
bet  weon-brain  (XII)  and  mid  brain  (Mil  .  In  tin-  Selachian-*  two 
long  hollow  j  MI- olfach.rin.-,  '/Vo)  extend  out  I 

ant. -Ho r  end  «.f  the  li til. developed  cerebrum  and  terminate  at  a 
considerable  distance  from  the  fore-brain  in  tuo  largo  hollow  lobes, 
that  are  sometime.-  provided  with  furrow-  (/,»/). 


/!.     The  Development  of  the  /V/'/y.  roua 

Although  it  is  easy  to  follow  the  de\elo|.ment  of  the  hrain  and 
spinal  cord,  the  investigation  of  the  origin  of  the  peripheral  nervon- 
sy.-tem  is  \t-rv  difficult,  for  it  requires  the  -tmly  «  f  hi>toloLri<-al  jiroc-esses 
of  the  most  subtle  nature-  tin-  tirst  appearance  of  non-medullated 
nei-ve-fibres  and  the  method  of  their  termination  in  embryos 
composed  of  more  or  less  undillerentiateil  cells.  One  who  knows 
how  difficult  it  is  even  in  the  adult  animal  to  follow  non-ine.lnllated 
nerve-fibril  he  in  epithelial  layers  or  in  non->triate  inn—  .  and 

to  get  a  clear  idea  of  their  method  of  termination,  will  understand 
that    many,    and    indeed  the  most  inteie>t  ing,   qu<  I 

to  the   development    of  the  peripheral  nerves  are  not   yet   ripe  for 
disru-Mon,    berati-o   the   observation-    DeceSSary    ft«r   their   « 
are  >till  wanting.     There  is  only  one  point    whiih  is  i-ntirely  clear. 
That  i-oiut -n is  the  development  of  the  spinal  ganglia,  \\hii-h  His  and 
BALFOIK  independently  of  each  other  wen-  the  liist  to  recognise,  th«- 
one  in  the  Chick,  the  other  in  Selac-hians.     Since  then  numerous 
investigations  embracing  dill. -ivnf    group-  of   \".it 
publislied  on  this  subject  by  HIV-IN,  M  i  IHALL,   !\»i.i: 

\IKHI..     VAN      Wl.lIIK,      IlKlioT,     O.Ni'IH.  K.     IiABL,    BEARD, 

1\  \-r-«  i  IK  NK  i)?  and  others. 

(a)    The  Der< 

The  development  of  the  spinal  ganglia  in  the  -pina! 
ea-ily   followed.      It    begin-   jn.-t    at    the    time   the   medullary  groove 
doeee    to  form  a  tul^e  (fig.   l'-"'^  -1    and  time   a    thin 

ridge   of  c-ells   (•</»./',  fj»/)  one  or  two   layer-    d.-«-p    urro\\  -    out    of   the 
neural  tube  on  either  side  of  the  line  of  fusion,  and,  passing  outv 
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and  downward,  inserts  itself  between  the  tube  and  the  closely 
investing  primitive  epidermis.  In  this  way  it  reaches  the  dorsal 
angle  of  the  primitive  somites  (us),  which  are  by  this  time  well 

developed.  Then  the 
neural  crest,  as  BAL- 
FOUB  names  it,  or  the 
f/anglionic  ridge,  as 
SAGEMEHL  calls  it, 
is  divided  up  into 
successive  regions. 
For  the  tracts  which 
alternate  with  the 
primitive  segments 
lag  behind  in  their 
growth,  while  the 
parts  lying  opp<»ite 
the  middle  of  seg- 
ments grow  more 
vigorously,  become 
thickened,  and  at 
the  same  time  ad- 
vance farther  ven- 
trad,  penetrating  be- 
tween primitive  seg- 
ment and  neural 
tube. 

Frontal  sections 
furnish  very  instruc- 
tive views  of  this 
stage.  Fig.  259  ex- 
hibits such  a  section, 
taken  from  SAGE- 
MEHL'S  work.  In.-i.-- 
much  as  the  longi- 
tudinal axis  of  the 
Lizard  embryo  «-m- 
ployed  for  the  sec- 
tions was  greatly  curved,  the  five  segments  seen  in  the  section  ar» 
•  t  different  heights,  the  middle  one  deeper  than  the  two  preceding 
and  the  two  following.  In  the  middle  segment  the  fundament  of 
the  ganglion  (spk)  is  differentiated  and  it  is  bounded  by  blood-V( 


Fig.  258.-  A,  Grots  section  through  an  embryo  of  Pristiurus, 
after  RAUL. 

'Jlie  primitive  segments  are  still  connected  with  the  remaining 
portion  of  the  middle  germ-layer.  At  the  region  of  tran- 
sition there  is  to  be  seen  an  outfolding,  «£,  from  which  the 
akeleto {enoiis  tissue  is  developed,  cfi,  Chorea  ;  spg,  spinal 
ganglion ;  mp,  muscle-plate  of  the  primitive  segment ; 
<cA,  subchordal  rod  ;  no,  aorta ;  ik,  inner  germ-layer ; 
pmb,  parietal,  vmb,  visceral  middle  layer. 

J>.  Cross  section  through  a  Lizard  embryo,  after  SAGKMIIII  . 

-<iu,  Spinal  cord ;  spy,  lower  thickened  part  of  the  neural 
ridge ;  »ptf,  its  upper  attenuated  part,  which  is  continuous 
witli  the  roof  of  the  neural  tube ;  us,  primitive  segment. 


mi 


in    front  [nd,    whnva>   in    tho    | 

illy.    n.-ar    tin-   origin    of   tin-   ira ! .  "   nrurul 

fund.-,  in-    still    «•  'iinected    with 

i.-r.       TiM-     o.nnrctioii     app  ars    to    be 
most    conspicuously  develop*  d  ami    most    p.-r- 

•  'lit     in     tin-    ( 

ha>    1-  «  M    railed    the    longitudinal     con 
sure  l'\    i  le  the  ganglia  are 

found  th«   primitive  segments  (mp,mp'),  each 
of  which   at   this  tim-  .-till  .. \hil.its    within 
narrow    ii»ure. 

In   a  monographic  rij.heral  ^Hi^B-~  *P* 

from  the  preceding 

account,   in    \\hich    UALFOL-K,    K«H.I.IKI:I{,    KABL, 

HI-:NSI:N.    SACKMKIIL,    KAMSC  HI:NKO,  and  <; 

agree.      lie-   helieves  th.it    tin-   fundaments  of  the 

ganglia  arise,  not  out  of  tin-  neural  tube,  hut  out 

the  deeper  cell-layers  «,f  the  adjacent  part  of 

Ho  finds  that  tln-y  are  from 

tin-  beginning  separated  from  each  other  and  §eg- 
mentally  arranged.    According  to  him,  mor» 
they  inakr  their  appeara:  .  ^tated 

in  the  preceding  account;  for  they  are  already 
recognisable  as  especially  t!n< 
outer  germ-layer  at  the  light  and  left  of  the  neural 
plate  when  ;  first  begins  to  bo  h^nt  inward. 

•iy.  upon  the  closure  <.f   the   u,  unil    I  p  come 

to  lie  ::e  raphe  and  the  primitive  ep  i  here  they  grow 

down  ventrally  at  the  >ides  of  the  brain  and  spinal  « 

BEARD  approximates    in    his   results  the  conception   lirst  expressed  and 

quently  maintained  hy  His.    For  I!  Lranglionic  ridge,  not 

from   the   raphe   of   the   neural    tul>e,  hut   from   a  ng   part  of   the 

outer  germ-layer,  which  he  names  intermediate  cord  (Xwi-M-lienstram,- 

accuracy  of  Bi:  ription  i-.  1U.BL  and 

litl'.  ivnt    vii-\\-   an-    •  :  iiiniT    the  changes 

Nvhich  take  place  in  tin-  hiii'lam*  nts  of  tin-  spinal  iMiiirlia: — 

According  to  His  :nnl  SA«;K.MI:III.  th  •  separate  ganglion: 
ments  are  comp'r'.'  ly  •letaclird'   from  ihc  neural  tul^e,  and  for  a  timo 
lie  at    th.  1     it     without    an\  ••  'ii    with    it    whai 

Secondarily  a  union  is  a^ain  f>tal»li>lu'd.  throu^li  the  development 
of  the  dor.-al  nt'r\c  roots,  by  the  formation  of  nervr-lilirilhe.  which 
oitli  r  urow  out  from  the  spinal  cord  into  the  ganglion,  or  from  tin- 
ganglion  into  the  >pinal  cord,  or  in  both  direction-  IIUIL 


Fig.  M9.-Fronul  section  of 
a  Lizard  embryo,  after 
SAOKV 

.  neural 

HWMBWtod  ::it-  •  •;-•  -p::..  i! 

gauglia;  mj/,  the  part  of 

produce*  the  muscle-plate ; 
m/i,    outer    lajer 
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favors  the  first  view,  His  the  last.  All  other  investigators  main- 
tain that  the  fundaments  of  the  ganglia,  while  they  increase  in  size 
and  become  spindle-shaped,  are  permanently  united  with  the  neural 
tube  by  means  of  slender  cords  of  cells  which  are  metamorphosed 
into  the  dorsal  roots.  If  the  latter  view  is  correct,  the  dorsal  roots 
of  the  nerves  must  in  time  alter  their  place  of  attachment  to  the 
neural  tube  by  moving  from  the  raphe  laterally  and  ventrally. 

The  discrepancy  of  these  accounts  is  connected  with  the  different 
interpretations  which  exist  concerning  the  development  of  the  peri- 
pheral nerves  in  general. 

(b)  The  Development  of  the  Peripheral  Nerves. 

When  one  reviews  the  various  opinions  which  have  been  expressed 
concerning  the  development  of  the  peripheral  nerves,  it  is  found 
that  there  are  in  the  literature  two  chief  opposing  views.  The 
greater  number  of  investigators  assume  that  the  peripheral  nervous 
system  is  developed  out  of  the  central,  —  that  the  nerves  grow  forth 
from  the  brain  and  spinal  cord  uninterruptedly  until  they  reach  the 
periphery,  where  for  thefrst  time  tJiey  effect  a  union  with  tlieir  specific 
terminal  organs.  The  outgrowth  of  the  nerves  from  the  spinal  cord 
was  first  asserted  for  the  ventral  roots  and  conjectured  for  the  dorsal 
ones  by  BIDDER  UND  KUPFFER.  Their  conclusions  have  since  been 
adopted  by  KOLLIKER,  His,  BALFOUR,  MARSHALL,  SAGEJIEHL,  and 
others.  However,  views  concerning  the  method  of  the  formation  of 
the  nerve-fibres  are  not  in  agreement. 

According  to  KUPFFER,  His,  KOLLIKER,  SAGEMEHL,  and  others 
the  outgrowing  nerve-fibres  are  processes  of  ganglionic  cells  located  in 
the  central  organ,  which  must  grow  out  to  an  enormous  length  in 
order  to  reach  their  terminal  apparatus.  There  are  at  first  no 
cells  or  nuclei  among  them.  These  are  furnished  secondarily  by 
the  surrounding  connective  tissue.  According  to  the  accounts  of 
K6LLIKER  and  His,  cellular  elements  from  the  mesenchyme  approach 
the  bundles  of  nerve-fibrillae,  surround  them,  and  then  penetrate 
into  the  interior  of  the  nervous  stem,  at  first  sparingly,  afterward- 
more  abundantly,  and  form  around  the  axis-cylinders  the  sheaths  of 


tin-  other  hand,  BALFOUR  defends  most  positively  tin-  doctrine- 
that  cells  which  migrate  out  of  the  >j>inal  cord  alon^  with  tin   oea 
.-liar,   in  the  development.     In  his  "Treatise  on  Comparative  Emhrv- 
"  [vol.  ii..  p.  :572]  he  remarks  upon  this  subject  :   "  Tin-  cellular 


,  111 

<ture    ot'    .'in!' 
anticipated    lli:it    a    dill'eienee   ,  ,f   i.]iini"ii    was   inijM.^ii, 

been   for  the   fact   that    His  ami   K  .^  UKMAK  and 

oilier  old"!-    i-iiilu-;.  ,,,;•,  I   feel  tpiite 

sure  thai  ha  development  of  the  Derm  in   Klasmo- 

l.rancliii  with  well  preserved  specimens  could  for  a  mom<  '"tful 

<.n  tlii-  point."    of  the  more  reeent  investigators  VAN- \\Kii 

and  l'.i:\i;i»  side  with  IJ.M.nu  u. 

11  i:\vi  \    ha-,  taken  an  entirely  <lii:  n  tin-  <juestion  of 

the  origin  «>t  the  peripheral  U«TV«HIS  system,  one  which  diller^  from 
that  of  Ki  i'l  TF.R.  His,  ami  K;*>i.i.iKi:it.  as  well  a.s  from  tliat  of 
r»vi.r«M  u.  liu  opposes  the  do-tiiu.-  of  the  outgrowth  of  nerve-fibres 
chirtly  from  ])liy>i..l-.^ical  roi^i.l.-iMtioiLS.  He  can  think  of  no 
motive  \vliii-h  is  capable  of  conducting  the  nerves  that  grow  out 
from  the  >|»inal  cord  to  iln-ir  |>ro|...r  t  rrmiiiat  ion>  wiiich  shall 
(.HIM-,  for  example,  the  ventral  roots  always  to  go  to  muscles,  the 

dona!  rOOta  to  orpins  that  are  ]„,{  mu-.-ular.  and  shall  prevent 
confusion  taking  place  h,-t uven  the  i  :  is  and  those  of  the 

:iu>clos,  between  the  branches  of  the  tri^em inns  and  theacastu  u- 
or  facialls,  etc.  Therefore  HI:NM:\  maintains  on  theoretical  grounds 
that  it  is  necessary  to  assume  that  "the  nerves  never  grow  o> 

MOfioftt,  '"''  "/     ahoa  >n  with  them.'1     According 

to  his  view,  which  he   endeavors   to   support    h\  .  the 

embryonic  cells  are  for  the  most  part  united  with  on 
means  of    fine  connecting  lilatm-nts.       He  maintains  that  when  a 
cell  divides  the  connecting    thr.  -plits.  and  in   this  ma. 

there  arises  "  an  endless  network  of  !i  (Jut  of  these  the  nerve- 

are  developed,  while  other  parts  of  the  network  degenerate. 
The  reasons  given  by   Jli  NM\    we   certainty    \\.Mthy   of  great 
attention.      With  further  iviWtion  on  the  subject  they  are  easily 
added  to.     If  the  nerves  grow  out  to  their  terminal  apparatus,  \\\\\ 
do  they  not  take  the  mo>t   direct   course  to  their  destination,   why 
are  they  often  compelled  to  pur-ue  eircuitou^  paths,  and  why  do  I 
enter   into   the   formation   of   complicated   ple\uM«  of  the  greatest 
variety.'    \\  hence   are   the  ganglionic   cells    that    are    found   to   be 
developed  in  considerable  numbers  even  in  the  periph«  ra!   ne 

11  in  diiterent  orir.i!  ally  in    the  sympathet  i  In 

order  to  make  progress  in  this  ditlicult  field  the  peripheral  nervous 
system  //  Jn^'ft^n-at.*  must  be  taken  into  account  more  than  it  is 
at  present,  and  in  tin-  investigation  of  embryos  not  only  series  of 
:ectioiisl.ut  also  other  historical  no  ;s  of 
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objects  together  with  staining  of  the  nerve-fibrillse,  isolation 
of  the  elements  preceded  by  maceration  and  staining)  must  be 
employed. 

Having  thus  sketched  out  the  various  standpoints  taken  by  numer- 
ous investigators  on  the  question  of  the  source  of  the  peripheral 
nervous  system,  I  give  a  number  of  observations  that  have  been 
made  upon  the  development  of  certain  nerves.  These  relate  to  the 
development  of  :  — 

(1)  The  ventral  and  dorsal  roots  of  the  nerves  ; 

(2)  Certain  large  peripheral  nerve-trunks,  as  the  nervus  lateralis  ; 

and 

(3)  The  nerves  of  the  head  and  their  relation  to  the  spinal  nerves. 
(1)  Of  the   roots   of  the   nerves   the   anterior   [ventral]  are  de- 

monstrable  earlier.      There   may   be   distinguished  three  stages  in 
their  development. 

The  first  stage  has  been  observed  by  DOHKX  and  VAN  WIJIIE  in 
Selachian  embryos.  At  a  time  when  the  neural  tube  has  not  yet 
developed  any  mantle  of  nervous  substance,  and  the  muscle-segment 
still  lies  very  close  to  it,  there  arises  between  the  two  a  connection  in 
the  form  of  a  very  short  protoplasmic  cord.  The  fundament  of  the 
nerve  is  therefore,  as  VAN  WIJHE  remarks,  ab  origine  near  its 
muscle-complex,  from  which  it  never  separates.  Soon  after  this  it 
is  elongated  by  the  removal  of  the  muscle-segment  farther  from  the 
neural  tube  ;  it  increases  in  thickness  and  now  encloses  numerous 
nuclei,  and  possesses  therefore  a  cellular  composition,  a  condition 
which  I  shall  designate  as  second  stage. 

There  is  a  difference  of  opinion  as  to  the  cells  which  make  their 
appearance  in  the  fundament  of  the  nerve.  Whereas  KOLLIKI.I; 
His,  and  SAGEMEHL  recognise  in  them  immigrated  connective-tissv.e 
elements,  which  are  destined  to  form  simply  the  envelopes  of  the 
nerves,  BALFOUR,  MARSHALL,  VAN  WIJHE,  DOHRX,  and  BEARD  main- 
tain that  they  migrate  out  from  the  spinal  cord  and  share  in  the 
development  of  the  nerves  themselves.  BEARD  even  derives  the 
motor  terminal  plate  from  them.  Soon  after,  as  is  asserted, 
connective-tissue  cells  from  the  surrounding  mesenchyme  become 
associated  with  the  nerve-cells  derived  from  the  spinal  cord  and 
ordinarily  become  indistinguishable  from  them. 

I-  i  nally.  in  the  third  stage  the  cellular  fundament  of  the  motor 
root  acquires  a  fibrillar  condition  (fig.  260  vw),  and  it  now  becomes 
possible  to  trace  the  origin  of  the  nerve-fibrilhe  in  the  spinal  cord 
from  groups  of  embryonal  gang!  ionic  cells  or  neuroblasts  (His). 
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Tin-  formation  of  tin-  ner\r  lihrill:. 

as  has  already  been  atatad  and  as  will  l>e  furth.-r  «-\i.' 

connection.      According  t..  tin*  view  of  most  observers,  the  nerve- 
lihrilla-- the  future  a\i>  cylinders — are  formed  as  processes  of  gang- 

lionic  ci-lls  ..t'  tin-  spinal  cord,  the  free  ends  of  which  grow  nut   tn.m 
the  Mil-face    of    the   latter    until   they  re  Lfans 

(Km  BftLum,  Hi-.  s.\.,i  i 


mjf 


•pk     - 


fig.  260.  -  Cross  section  of  a  Lizard  embryo  with  completely  closed  intestinal   canal,   after 

•1:111  . 

he,  Posterior  [dorsal],  re,  anterior  commissure  of  the  spinal  cord;  vte,  ventral   nenre-root; 

V,  nerve- fibril  las ;    spt,    spinal   ganglion;    iwp1,    muscle-plate,    muscle-producing    layer; 

7,  outer  layer  of  the   imucle-plate ;    mp*,   transition   from   the  outer  to  the  muscle- 


are    «:i\vn   especially  fur   the   . level.. i-m.-n: 
higher  Vrrt«'l»r 

Accordini:    to    tl;e    opinion    of     I'OIIUN    and  VAN    WI.IUK.   on 

contrary,  the  nerve-tihrilhe  ari->e  in  Mtu.  as  j,r.  '.itlerentia' 

from  the  protoplasm  of  the  cord-  of  c.-ll>  l.y  n  Nvhich  nn: 

Moment  and  spinal  .  ord  are  already  un  -d  to 

seek  out  the  terminal  onran.  since  there  i-xi>t-  I  protopluMiiie 
union  with  it.  They  arise  in  a  in.  ailar  to  that  in  which 
the  nmsrle-tn>rill:v  do  frnn  the  plasii; 
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I  desire  to  lay  particular  stress  upon  the  observations  of  DOHRN  and  VAN 
WIJHE,  because  they  harmonise  with  the  theoretical  views  which  I  have 
formed  as  the  result  of  investigations  on  Invertebrates.  As  I  have  in  several 
articles  endeavored  to  establish,  protoplasmic  connections  of  the  cells  are  the 
foundation  out  of  which  the  nerve-fibrillae  are  developed.  The  formation  of  a 
specific  nervous  system  is  preceded  by  a  protoplasmic  union  of  cells,  which  is 
effected  at  a  time  when  the  central  and  terminal  nervous  organs  are  still  in 
the  immediate  vicinity  of  each  other. 

The  dorsal  roots  become  visible  somewhat  later  than  the  ventral 
roots  j  there  are  formed  fibrillse  which  unite  the  upper  [dorsal]  end 
of  the  spinal  ganglion  with  the  side  of  the  spinal  cord. 

(2)  GOTTE,  SEMPER,  WIJHE,  HOFFMANN,  and  BEARD  have  made 
concerning  certain  nerves  the  noteworthy  statement — which  has  been 
called  in  quastion  by  some  observers  (BALFOUR,  SAGEMEHL)— that  the 
epidermis  participates  in  their  formation.  In  Amphibian  larvae 
and  Selachian  embryos  the  posterior  end  of  the  nervus  later  alls  vagi 
in  process  of  development  is  completely  fused  with  the  primitive 
epidermis,  which  is  thickened  in  the  lateral  line  (fig.  262  nl).  Some- 
what farther  forward  the  nerve  is  detached  but  still  lies  in  close 
contact  with  the  primitive  epidermis,  whereas  in  the  vicinity  of  the 
head  it  is  situated  deeper  and  lies  between  the  muscles.  At  the 
places  where  the  nerve  has  become  separated  from  the  primitive 
epidermis,  it  remains  in  connection  with  the  fundaments  of  the 
lateral  organs  by  means  of  fine  accessory  branches  only.  Similar 
observations  have  also  been  made  in  the  case  of  many  of  the  branches 
of  other  cranial  nerves  in  Selachian  embryos.  WIJHE  sees,  for 
example,  a  short  branch  of  the  n.  facialis  near  its  emergence  from 
the  brain  so  fused  with  a  thickened  portion  of  the  epidermis  composed 
of  cylindrical  cells,  that  it  is  impossible  to  say  whether  at  the  place 
of  transition  the  cell-nuclei  belong  to  the  nerve  or  to  its  terminal 
organ.  During  a  more  advanced  stage  the  older  part  of  the  nerve 
is  detached  from  the  terminal  organ,  sinks  into  the  depths,  becoming 
separated  from  the  skin  by  ingrowing  connective  tissue,  and  remains 
united  with  the  terminal  organ  only  through  fine  accessory  branches. 
The  persistently  growing  younger  end  of  the  nerve  still  continues  to 
be  connected  with  the  epidermis. 

Also  in  the  case  of  the  higher  Vertebrates  similar  conditions  have 
oeen  observed  by  BEARD,  FKORIEP,  and  KAST-«  III.NKO.  They  find 
the  ganglionic  fundaments  of  the  facialis,  glossopharyngeus,  and 
vagus  at  the  dorsal  margin  of  the  corresponding  visceral  clefts  for  a 
long  time  broadly  fu>< •<!  with  the  epithelium,  which  is  thickened  and 
Las  become  depressed  into  a  pit.  In  these  connections  they  discern 


MM:   OROAHfl   Of    i  ur.   0 

the  fundaments  ol  hrai.chi.  v.hich  n»  long 

mploto  development.      '•  :ii:r.  on  t  li-  strength  of  his  own 

bold          admi  — ihle  tiio  interpretation    that    at  those 
plar«>    \\here    fusion    <  TCUI  •>  /,  ,•  ,mt>-rinl    ]•• 

epidermis  into  deeper  parts  to  share  in  the  formation  of   m-r 
tracts.       I'.KAKD    expresses  himself    still    more   precisely 
tint   tin-  sensory  in  rvous  elements  of  the  whole  j  1  nerxoiis 

H  ditleivMtiations  from  the  outer  germ-layer,  Hide- 
out ly  of  tin-  central  ner\oiis  system. 

The  accounts  here  given  concerning  a  c<  .  is^ea  of  develop- 

ment, of  certain  nerve-trunks  \\ith  the  outer  germ-la  \  r  to  me  to  al 

an  indication  in  favor  of  tin-  hypothesis  expressed   by  my  brother  and  me. 
that  the  sensory  nerves  of  the  Vertebrate^  may  h;i\,-  a  -on  formed 

out  of  a  sub-epithelial  nervous  plexus,  sudi  as  ^\\\  exists  in  •  :iis  of 

many  Invertclirato. 

(3)  The  investigations  of  the  last  few  years,  which  have  been 
carried  out  especially  by  BALFOUR,  MARSHALL,  KoLUKtt,  \\"MIN:. 
FRORIEP,  RABL,  and  KASTSCHEXKO,  have  j>ioliu-c<l  important  results 
concerning  the  development  of  the  cranial  nerves,  their  ivlatio: 
the  1  lead-segments  and  their  value  as  conipsired  with  spinal  nerves. 
On  the  brain,  as  well  as  on  the  >pinal  c..nl,  there  ar:  some 

of    which    are   dorsal,   some    ventral.       K\«-:i    at    the    tim  •    when    the 
ln-aiu-jilate  is   not  yet  fully  clo>c.l   into  a   tul»e  < 
formed  on  either  side,  at  the  place  of    its   U-n«i  into  th«- 

primitive   epidermi>,   a   neural    i  hicli   lit-«riiis  ratlin 

forward    and   may  be  traced  on  us  uninterruptedly  in  a 

rior  direction,  where  it  is  continuous  with  tho  neural  ridi;.- 
of  tin*  spinal  cord.  When,  somewhat  later,  the  closure  and  the 
detacliment  of  the  brain -vesicles  from  the  primitive  epidermis  has 
taken  place,  the  i  id^e  lie^  on  the  roof  of  the  vesicles  and  is  fused 
with  them  in  the  median  plane.  Tho  most  of  the  cranial  nerves — 
namely,  the  tri^nniinis  with  the  ( la-s.rian  ganglion,  the  acusticu> 
and  facialis  with  the  ^anirlion  acusticum  and  prol.ahly  also  the 
lion  ^enieuli,  and  the  ^lo--opliai-yngeus  and  vagus  with  the 
related  i:an<:l ion  jiiirulare  and  g.  nodosum  an-  ditlVrentiated  «>ut  of 
this  fundament  in  the  same  manner  as  the  dorsal  roots  of  the 
spinal  ner\es.  The  ner\e-.  which  emerge  do  i  : :  erwards  shitt 

their  origin   downward  along  the  lateral  walls  of   the  1. rain  \esicles 
toward  the  base  of  the  latin . 

All   the   remaining   unenumerated  cranial    nerves     oculoinotoriiis, 
true-hit  aris.    aUlucens,   hyi><>-io— us,  and    accessor  ins — uro    developed 
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independently  of  the  neural  ridge,  as  individual  outgrowths  of  the 
brain-vesicles  nearer  their  base,  and  are  comparable  with  the  ventral 
roots  from  the  spinal  cord. 

FRORIEP  finds  that  the  hypoglossus  in  Mammals  possesses  dorsal  roots, 
with  small  ganglionic  fundaments,  in  addition  to  ventral  roots.  The  latter 
subsequently  undergo  degeneration. 

The  agreement  between  cranial  and  spinal  nerves  which  is  ex- 
pressed in  this  method  of  development,  becomes  still  greater  and 


Tig.  261.  —Cross  section  through  the  hind  part  of  the  head  of  a  Chick  embryo  of  30  hours,  after 
BALFOUB. 

li>>,  Hind-brain;  vg,  vagus;  ep,  epiblast ;  ch,  chorda;  x,  thickening  of  hypoblast  (possibly  a 
rudiment  of  the  subchordal  rod) ;  al,  throat ;  ht,  heart ;  pp,  body-cavity  ;  to.  somatic 
mesoblast ;  */,  splanchnic  mesoblast  (Durmseitenplaite) ;  hy,  hypoblast. 


acquires  a  further  significance  from  the  fact  that  in  the  head  also  the 
nerves  can  be  assigned  to  separate  segments  in  muck  the  same  nw  / 
as  in  the  trunk.  In  this  particular  the  conditions  are  clean  >t  in 
the  Selachians,  where,  in  fact,  the  head-segments  have  been  most 
thoroughly  investigated,  so  that  1  limit  myself  to  a  statement  of  the 
results  acquired  in  this  field  by  Wu  i  , 

According  to  WIJIIE  nine  *  segments  are  distinguishable  in  the 
of    Selachians.       To   the     iii>t     .-cgment    Ix-lnn^s    tl;«-    mums 


*  fBccent  investigations  indicate  that  the  head-segments  in  Selachians  are 
'i  more  numerous.  —  TRANSLATOR.] 
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of     the    trii/eminu^    and.    as     i 
motoriu>.      The   second    M^iiiei!1  '..<•>{    l»y    t 

of   tin-    I  riueii.iuu^   and    t  IP 

origin.     The  dorsul  roots  of  the  thinl  (and  segments  are 

repiv>ellted       1»V      tilt-      : 

Tin-  tit'tli   -e.me-it   ix>aBee8e8  only  the  exclusively  sensory 
\\lii.-ii  arises  from  the  neural  ridge.    The  segments 

from  the  sixth  to  the  nintli  inclusive  are  innervated  by  the  vagus  and 
tin-  hypo«:l.i-vNus.  the  former  of  which   i> 

.  tli.-  latter  a   series  of   ventral  ones. 

\  _    •      \\  :    :      -  aivount.  not  wit  l^tan.liii^  l  h«>  p-iK-ral  agree- 

ment, t  here  st  ill  eX 

I'ftli'-  <•< I'ltalic  to-tjinfiitx  <ttt<t  t/mt  of  the  trunL  \         nthe 

lica«l  (lie  ventral,  motor  rooN  (o( nlomotorius,  trochlearis,  alxlucens, 
liypn^lossus)    supply    only   a   part   of    the    mu-rulat tire — the    eye- 
inusclcs  ami  crrtain  mu>rlrs   that   run  from  the  skull   to  the  pe<" 
;   that  is  to  >ay.  mu>rlr>   \\hirli.  U  lias  already  been  stated, 
ped  out  of  the  cephalic  se^menN.     Other  p-oup>  of  muscles, 
which  arise  from  the  lateral  pi  bfl  head,  are  i' 

the  tri^emiiuis  ami   fucialis,  which    have  a  d-T  |  the 

doi>al   rootfl  of  the  nerves  in  the  head  would  be  distinguished  from 
those  in  the  trunk  by  the  impor  tain  mot 

well  as  seii-ory  liluv-.     I5i:i.i/s  law  w.cild  c;>a>e«juent  ly  possess  a 
limited  application  for  the  head  region  of    Vertebrates,  and  would 
have  to  1>L»  replaced  l.y  the  following:  law.  tormula'ed  l,y  \Vi.ini:  : 

"The  dorsul  rootfl  ot   the  head-nerves  are  not  e.\Hu>i\el\ 
l.ut  also  innervate  the  musclefl  '  tV-.m  the  lateral  plate^. 

however,  thosci  from  the  primit; 

"  The  ventral  roots  are  motor,  but  innervate  only  the  muscle 
the  primitive  BegDMI  ,  n«'t   tho^-  of  the  lateral  plates." 

In  view  of  this  fundamental   dilt'e;  ence.   I  desire  to  express  a  douht 

whether  there  are  not  after  all  enclosed  in  the  facial^  and  triL-en: 

parts  which  are  established  as  ventral  roots,  but    have  hitherto  been 
overlooked,  as  in   the  beginning  all  the  ventral  roots  in  the  1: 
(see  BALFOUR)  were  overlook-  <1. 

According  to  RABL  the  nerves  <>  l>art  of  the  head  only—- 

>pharyngcus,  vagus,  accessorius,  and  hypoglossus— can  be  compared  with 
the  type  of  spinal  nt :  -  of  the  anterior  part  of  the  head,  on  the 

contrary,— the  olfactorius.  optinis,  trL'i'ininus.  ti^rthrr  with  thox-  . 
muscles  and  the  acu-  .is,— belong  in  a  separate  category,  just  as  tho 

four  most  anterior  head-se;-:: 
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As  is  evident  from  this  brief  survey,  there  still  exist  many  unsolved 
problems  in  the  difficult  subject  of  the  development  of  the  peripheral 
nervous  system.  Without  permitting  myself  to  enter  upon  a  further 
discussion  of  the  contradictory  opinions  entertained  on  this  subject, 
I  close  this  topic  with  a  comparative-anatomical  proposition,  which 
appears  to  me  sufficient  to  furnish  the  morphological  explanation  of 
BELL'S  law,  or  tfie  separate  origin  of  the  sensory  and  motor  nerve- 
roots. 

In  Amphioxus  and  the  Cyclostomes  the  motor  and  sensory  nerve- 
fibres  are  completely  separated,  not  only  at  their  origin  from  the 
spinal  cord,  but  also  throughout  their  whole  peripheral  distribution. 
The  former  pass  at  once  from  their  origin  in  the  spinal  cord  to  the 
muscle-segments ;  the  latter  ascend  to  the  surface  to  be  distributed 
to  all  parts  of  the  skin  to  supply  its  sensory  cells  and  sensory  organs. 
The  separation  of  the  peripheral  nervous  system  into  a  sensory  and  a 
motor  portion,  which  is  rigorously  carried  out  in  Amphioxus  and  the 
Cyclostomes,  is  explained  by  the  fact  that  the  territories  to  which  their 
ends  are  distributed  are  spatially  distinct  in  their  origin,  since  the 
sensory  cells  arise  from  the  outer  germ-layer,  the  voluntary  muscles 
from  a  tract  of  the  middle  germ-layer.  Therefore  the  sensory  nerve- 
fibres  have  been  developed  from  tJie  spinal  cord  in  connection  with  the 
outer  germ-layer,  the  motor  fibres  in  relation  with  the  muscle- 
sagments. 

I  regard  the  sub-epithelial  position  of  the  sensory  nerve-fibres  as 
the  original  one,  just  as  we  find  in  many  Invertebrates  the  whole 
peripheral  sensory  nervous  system  developed  as  a  plexus  in  the 
deepest  portion  of  the  epidermis.  The  important  conditions  above 
described — according  to  which  many  dermal  nerves  (nervus  lateralis, 
etc.,  fig.  262  nl)  are  fused  with  the  epidermis  at  the  time  of  their 
origin,  and  only  subsequently  become  detached  from  it  and  sink 
deeper  into  the  underlying  mesenchyme — appear  to  me  to  indicate 
that  such  a  position  was  the  primitive  one  in  the  case  of  Vertebrates 
.i!-<>. 

I  look  upon  the  union  of  the  sensory  and  motor  nerve-fibres  into 
mixed  trunks  (which  occurs  soon  after  their  separate  origin  from 
the  spinal  cord,  in  the  case  of  all  Vertebrates  except  Amphioxus  and 
the  Cyclostomes)  as  a  secondary  condition,  and  maintain  that  it  is 
caused  especially  by  the  following  embryological  influences  :  by  the 
change  in  the  position  of  the  spinal  cord  and  the  muscular 
masses,  and  by  the  great  increase  in  the  amount  of  the  connective 
rabsb 
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F:~  2G2.— Cross  section  thioufh  the  anterior  part  of  tl  e  tr  :nk  of  an  embry    of  Scylliur. 

i  OUR. 

TI  tlu-  dorsal  wall  of  the  trunk  and  its  ventral  wall,  where  the  attachment  of  the  stalk 
of  the  yolk-sac  is  cut.  there  is  stretch.  - 1  . !  ular  mesentery,  which  completely 

••s  the  body-cavity  into  right  and  left  halves.     Within  the  mesentc 
(,//'),  from  whi.  li  tl..-  fundunent  of  the  pancreas  (pan)  is  given  off  donally  and  thai 
incut  of  the  liver  </'./.  ;<  twice  out  through.    In  addition,  the  place  where  the 

%  it.'lliu.-  duct  .uu.l.ili.Ml  canal]  («mc)  joins  the  duodenum  i*  risible. 

i  .in;il  cord  ;  t.pg,  ganglion  of  posterior  root ;  ar,  anterior  root ;  dm,  dorsally  directed  nenre 
.-lirinxin-  from  tin-  |».,t.-r..,r  r.-.t  ;  ..•.  muscle  plate ;  mp',  part  of  the  muscle-plate  already 
.-. .UN  .•!'-. I  into  muscleti ;  mp.l,  i«ii  t  <ives  rise  to  the  moicles 

limbs  ;  »l,  nervus  lateralis  ;  no,  aorta ;  cA.  chorda ;  $y.g,  sympathetic  ganglion ;  co. r,  cardinal 
\cin  ;  fp.n,  spin  vl  nerve  ;  til,  m  'iric)  dact ;  tt,  segmental  rube. 
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Since  the  spinal  cord  comes  to  lie  in  deeper  layers  of  the  body 
far  away  from  its  place  of  origin,  the  dermal  nerves  must  follow  it, 
and  therefore  their  origins  are  correspondingly  farther  separated 
from  their  terminations.  Since  also,  on  the  other  hand,  the  muscle- 
plates  grow  around  the  neural  tube,  certain  motor  and  sensory 
nerve-cords  are  brought  near  to  each  other  in  their  passage  to  their 
peripheral  distribution.  And  this  will  occur  especially  in  all  cases 
where  the  motor  and  sensory  peripheral  terminations  lie  at  a  great 
distance  from  the  origin  of  the  nerves  out  of  the  spinal  cord,  as,  for 
example,  in  the  case  of  the  limbs.  The  mutual  approximation  of 
sensory  and  motor  nerve-tracts  thus  brought  about  will  finally  lead 
to  the  formation  of  common  tracts,  according  to  the  same  principle 
of  simplified  organisation  in  accordance  with  which  the  blood-vessels 
also  adapt  themselves  closely  to  the  course  of  the  nerves. 

(c)  The  Development  of  the  Sympathetic  System 

The  development  of  the  sympathetic  nervous  system  has  as  yet 
been  investigated  by  only  a  few  observers.  BALPOUR  first  announced 
that  it  arose  in  connection  with  the  cranial  and  spinal  nerves,  and 
therefore  was,  like  the  latter,  really  derived  from  the  outer  germ- 
layer,  In  the  Selachians  he  found  the  sympathetic  ganglia  (fig.  262 
sy.g)  as  small  enlargements  of  the  chief  trunks  of  the  spinal 
nerves  (sp.n)  a  little  below  their  ganglia  (sp.g).  In  older  embryos, 
according  to  BALFOUR'S  account,  they  recede  from  the  spinal 
ganglia,  and  then  at  a  later  period  unite  with  one  another,  by  the 
development  of  a  longitudinal  commissure,  into  a  continuous  cord 
(Grenzstrang). 

The  origin  of  the  sympathetic  system  has  been  the  most  thoroughly 
studied  by  ONODI  in  researches  covering  several  classes  of  Verte- 
brates. According  to  him  the  sympathetic  ganglia  arise  direct!} 
BALFOUR  suggested  and  as  BEARD  has  also  lately  reiterated,  from  the 
spinal  ganglia.  The  ventral  ends  of  the  spinal  ganglia  undergo 
proliferation,  as  is  best  seen  in  Fishes.  The  proliferated  part  de- 
taches itself,  and,  as  fundament  of  a  sympathetic  ganglion,  moves 
ventrally.  The  fundaments  of  the  individual  segments  are  at  first 
separate  from  one  another.  The  cord  (Grenzstrang)  is  a  secondary 
product,  produced  by  the  growing  out  of  the  individual  ganglia 
toward  each  other  and  the  union  of  the  outgrowths.  Aftenvur  Is 
the  sympathetic  ganglia  and  plexuses  of  the  body-cavity  are  derived 
from  this  part. 


• 

1.  Tlio  central  i  oped  out  of  the  thickened 
11  of  the  outer  germ- layer  which  is  designated  as  the  medullary 

plate. 

2.  The  medullary  plate   i  to  form  t  he  i; 
tube  (medullary  riilges,  medullary  groove). 

3.  The    formation    «>t'    the    neural    tube  exhibits    three    j.rin 
modilication- :   (//)    Amp!.i«xus.  (J»)  1 '  )  the  re- 
inaiiiiii.LT  Yertel  ral 

1.  The  lateral   walls  «.t'  the   medullary   tube   become  thickened, 

wlu-ivas  t  he  do:>al  and  \  ent  ral  \\alU   remain   thin;    li  come 

to   occupy  the   depths   of   the  anterior    and    posterior  iinal 

Basons,   and  constitute  the   commissures  of  the   lateral  halves  of 
the  spinal  cord. 

5.  The-  sj.inal  cojdat  first  li  11s  the  whole  length  vertebral 
1.  l»ut  ii  g                 «•  >-.»\vlyt haii  t  h<- l:ittor,and  finally  terminates 

at  tlu    sccmul  lumbar  vertebra  (explanation  of  the  oblique  course  of 
the  lumbar  and  sacral  nerves). 

6.  The  part  of  the  ne-mal  tuU«  which  furms  the  brain  becomes 
segmented  into  the  three-  primary  cerebral  fore- 
brain  vesicle,  mid-brain  ve>irk»,  hind  i 

7.  The   later*]   walls  of  the  fore-l.rain   ve>ielo  are  evaginated  to 
i  the  optic  vesicles,  the  anterior  wall  to  form  i  -i.-s  of  the 

rum. 

s.  The  hind-brain  vesicle  is  divided  bye  M  into  the  vesicles 

of  the  cerebellum  and  ih_-  medulla. 

9.  Thus  from  the  three  primary   bra  in -vesicles  there  finally  ; 
live  siv:mdary  ones  arranu'e  1  in  a  single  series  one  after  the  ol 

— (a)  cerebral  v«->ii'l«-  (that  of  the  hemispheres),  (b)  between-brain 
le    with    the    laterally   attached  los,   (c)   mid-brain 

vesicle,  (d)  vesicle   of   the   cerebellum,  (c)   vesicle   of   the   medulla 
oblong 

10.  The  originally  straight   UOfl    QD  M  to  one 
another  later  becomes  at  certain  pla.-«-«i  sirirply  bent,  iu  consequence 
of  which  the  mutual  relations  cf  the  vesii-les  ai'e  changed  (cep: 
ll-.-xure,    poiital    llexure,    nuchal    ilex                     8    cephalic  Or   par; 
protuberance  at  t  he  surface  of  the  em                responds  to  the  cephalic. 
lii-xure.  the  nuchal  protuberanco  to  th^  nuchal  flexu 
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11.  The  separate  parts  of  the  brain  are  derivable  from  the  five 
brain-vesicles ;    the  accompanying  table   (MIHALKOVICS,   SCHWALBE) 
gives  a  survey  of  the  subject. 

12.  In  the  metamorphoses  of  the  vesicles  the  following  processes 
take  place:  (a)  certain  regions  of  the  walls  become  more  or  less 
thickened,  whereas  other  regions  undergo  a  diminution  in  thickness 
and  do  not  develop  nervous  substance  (roof -plates  of  the  third  and 
fourth   ventricles) ;    (6)   the   walls   of    the    vesicles    are    infolded ; 
(c)  some  of  the  vesicles  (first  and  fourth)  greatly  exceed  in  their 
growth  the  remaining  ones  (between-brain,  mid-brain,  after-brain,  or 
medulla  oblongata). 

13.  The  four  ventricles  of  the  brain  and  the  aqueductus  Sylvii 
are  derived  from  the  cavities  of  the  vesicles. 

14.  Of  the  five  vesicles  that  of  the  mid-brain  is  the  most  conser- 
vative and  undergoes  the  least  metamorphosis. 

15.  The  vesicles  of  the   betweeix-brain   and   after-brain   exhibit 
similar  alterations :  their  upper  walls  or  roof -plates  are  reduced  in 
thickness  to  a  single  layer   of   epithelial  cells,  and  in   conjunction 
with  the  growing  pia  mater  produce  the  choroid  plexuses  (anterior, 
lateral,  posterior  choroid  plexus ;  anterior,  posterior  brain-fissure). 

16.  The   cerebral   vesicle  is   divided  by  the  development   of  the 
longitudinal  (interpallial)  fissure  and   the   falx  cerebri  into  lateral 
halves,  the  two  vesicles  of  the  cerebral  hemispheres. 

17.  In  Man  the  cerebral  hemispheres  finally  exceed  in  volume  all 
the  remaining  parts  of  the  brain,  and  grow  from  above  and  from  the 
sides  as  cerebral  mantle  over  the  other  brain- vesicles  (from  the  second 
to  the  fifth  inclusive)  or  the  brain-stalk. 

18.  In  the  folding  of  the  walls  of  the  hemispheres  there  are  to  be 
distinguished  fissures  and  sulci. 

19.  The  fissures  (fossa  Sylvii,  fissura  hippocampi,  fissura  choroidea, 
fi>-iira  calcarina,  fissura  occipitalis)  are  complete  folds  of  the  wall  of 
the  brain,  by  means  of  which  there  are  produced  deep  incisions  in 
the  surface  and  corresponding  projections  into  the  lateral  ventricles 
(corpus  striatum,  cornu  Ammonis,  fold  of  the  choroid  plexus,  calcar 
axis). 

20.  The  sulci  are  incisions  limited  to  the  cortical  portion  of  the 
wall  of  the  brain,  and  are  deeper  or  shallower  according  to  the  time 
of  their  formation  (primary,  secondary,  tertiary  sulci). 

21.  In  general  the  fissures  appear  earlier  thr  -i  tin-  >ulci. 

22.  The  olfactory  nerve  is  not  equivalent  to  a  peripheral  nerve- 
trunk,  but,  like  the  optic  vo.Mcle  and  optic  nerve,  a  special  part  of 
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the  brain  produced  by  an  evagination  of  the  frontal  lobe  of  the 
cerebral  hemisphere  (lobus  or  bulbus  olfactorius  with  tractus  olfac- 
torius).  (Enormous  development  of  the  olfactory  lobes  in  lower 
Vertebrates, — Sharks, — degeneration  in  Man.) 

Peripheral  Nervous  System. 

23.  The  spinal  ganglia  are  developed  out  of  a  neural  ridge  (crest), 
which  grows  outward  and  downward  from  the  raphe  of  the  neural 
tube  on  either  side  between  the  tube  and  the  primitive  epidermis, 
and  becomes  thickened  in  the  middle  of  each  primitive  segment  into 
a  ganglion. 

24.  The  spinal  ganglia  therefore  arise,  like  the  neural  tube  itself, 
from  the  outer  germ-layer. 

'25.   The  sympathetic  ganglia  of   the   longitudinal   cord   (Grenz- 
strang)  are  probably  detached  parts  of  the  spinal  ganglia. 

20.    Concerning   the   development   of   the  peripheral  nerve-fibres 
there  are  different  hypothesss : — 

First  hypothesis.  The  peripheral  nerve-fibres  grow  out  from  the 
central  nervous  system  and  only  secondarily  unite  with 
their  peripheral  terminal  apparatus. 

Second  hypothesis.  The  fundaments  of  the  peripheral  terminal 
apparatus  (muscles,  sensory  organs)  and  the  central 
nervous  system  are  connected  from  early  stages  of 
development  by  means  of  filaments  which  become  nerve- 
fibres  (HENSEN). 

27.  Anterior   and    posterior    nerve-roots  are    developed    on    the 
>l>inal   cord   separately   from  each  other,   one   ventrally,  the  other 
dorsally. 

28.  The  cranial  nerves  arise  in  part  like  posterior,  in  part   like 
anterior  roots  of  spinal  nerves. 

29.  The  following  cranial  nerves  with  their  ganglia,   which  are 
comparable  with  spinal  ganglia,  are  developed  out  of  a  neural  ri  !::«' 
which  glows  out  from  the  raphe  of  the  brain-vesicles:  the  trigeminus 
with  the  ganglion  Gasseri,  the  acusticus  and  facialis  with  the  gang- 
lion acustieuin  and  g.  geniculi,  the  glossopharyngeus  and  vagus  with 
tli»'  ganglion  jugulare  arid  g.  nodosum. 

30.  The   oculomotoiius,    trcchlearis,   abducens,    hypoglossus,  anl 
accessorius  are  developed  like  ventral  roots  of  >pinal  nerves. 

31.  The  olfactory  and  optic  nerves   are   metamorphosed  parts  of 
the  brain. 
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II.    The  Development  of  the  Sensory  Organs,  Eye,  Ear,  and  Organ 

of  Smell. 
As  the  outer  germ-layer  is  the   parental  tis>u.-  of  the   o- 

ystem,  so  also  does  it  form  the  sub  lie  higher 

>ry  organs,  the  eyo,  the  ear,  and  the  organ  of  smell.     1 
inrnishes  the  sensory  epithelium,  a  component  whirh,  in  comparison 
with    tli.«  remaining  parts,  D   the   me- 

true,  of  \er\   Mnall  volume,  but.  notwithstanding.  most 

important    Kith    tYom  nal  and   a  morphological 

view.     \Vli-  ther  a     ensory  organ  is  adapted   for  seeing,  hearing, 
smelling,    or    tasting    depends    primarily    up.  in    the   rhara. -NT  • 
'-.,    ujx)n    whether  »mposed   of   < 

auditory,  olfai  toi y.  or  irustatory  cells.       But  also  morphologically 
tin-   fpiilirlial  p.u-t   is  preeminent,  because  it  is  chii-tly  ti-.is   wlii.-li 

the  li.M-.l  cTiittv  aroiiml  \\hidi  tlic  remaining  accessory  components 
are  arrani:«'<l.      The  *:<  Mnection   \\-itli  layer 

may  !«•  most  clearly  recognisetl  in  n  rates,  inasmuch  as 

In •!•«•  the  sensory  nriMns  are  permanently  located  in  the  epidermis, 
\vIuTi  aa  in  \'.  rtel>rates,  as  is  well  known,  they  are,  for  the  sake  of 
protection,  embedded  in  deep  lyini:  tissues.     I  begin  \\  ith  th. 
then  proceed  to  the  orga  ring  and  '  :«-ll. 

A.  The  Devel'  the  Eye. 

As  has  already    In  en   Mated   in   the   d,  ..f   the   brain,    the 

lateral  walls  of  the  primary  fore-l>:  :iin  (figs.  234,  263)  a:  ated 

th          */  yb       nk 


Fig.  2G3.-Brain  of  a  human  embryo  of  the  third  WMk  (Lg).    Profile  recoiutructioi. 

n  vesicle;  w*.  mid-btmin  vesicle;  M,  lO,  T«dde*  of  o*w- 

iK-lluin  ami  ii.i-.luHa  oblongata  ;  an,  optic  vesicle;  06,  auditory  vesicle ;  Cr,  infondibulum  ; 
rj\  ar,  >\\  flexure ;  *6,  oepbaUo  flexure. 

And  produce  the  primary  opnV  V(\>icles  (au),   which   aro  constricted 
•off  more  and  more  and  remain  in  connection  with  the  between-brain 
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by  means  of  a  slender  stalk  only  (fig.  264  A  st).  They  posses 
spacious  cavities  within,  which  are  connected  with  the  system  of 
brain- ventricles  through  the  narrow  canal  of  the  stalk  of  the  optir 
vesicle.  In  many  Vertebrates,  in  which  the  central  nervous  system 
is  formed  as  a  solid  structure,  as  in  the  Cyclostomes  and  Tele 
the  optic  vesicles  are  also  without  cavities;  these  do  not  make 
their  appearance  until  the  central  nervous  system  becomes  a 
tube. 

Since  the  brain  is  for  a  long  time  separated  from  the  primitive- 
epidermis  by  only  an  exceedingly  thin  sheet  of  connective  tissue, 
the  primary  optic  vesicles  at  the  time  of  their  evagination  either 
apply  themselves  directly  to  the  epidermis,  as  in  the  case  of  the 
Chick,  or  are  separated  from  it  by  only  a  very  thin  intervening 

layer,  as  in  Mammals. 

Upon  each  optic  vesicle 
can  be  distinguished  a 
lateral,  a  median,  an  upper 
and  a  lower  wall.  I 
designate  as  lateral  that 
surface  which  reaches  the 

Tig.  264. -Two  diagrams  illustrating  the  development        epidermis     at     the     Surface 

of  the  eye.  of    ^e    body,    as    median. 

A,  The  primary  optic  vesicle  (aw),  joined  by  a  hollow          ,  .  .    . 

stalk  (at)  to  the  between-brain  (zh),  is  invaginated  tne  opposite  wall  joined 
as  a  result  of  the  development  of  the  lens-pit  (lg).  witn  the  stalk  of  the  Optic 

B,  The  lens-pit  has  become  abstracted  to  form  a  lens- 

vesicle  (Is).  From  the  optic  vesicle  has  arisen  the  vesicle,  and  finally  as  lo\V<  r 
optic  cup  with  double  walls,  an  inner  (ib)  and  an  j.tft  onft  whioh  hVs  on 
outer  (06) ;  Ut,  stalk  of  the  lens ;  ffl,  vitreous  body. 

a  level  with  the   floor   of 

the  between-brain.  These  designations  will  be  useful  in  acquainting 
ourselves  with  the  changes  which  the  form  of  the  optic  vesicle 
undergoes  during  its  imagination,  which  occurs  at  two  places,  nan 
at  its  lateral  and  lower  surfaces.  One  of  the  imaginations  is  connected 
with  the  development  of  the  lens,  the  other  with  the  formation  of  the 
vitreous  body. 

The  frst  fundament  of  the  lens  appears  in  the  Chick  as  early  as 
the  second  day  of  incubation,  in  the  Rabbit  about  ten  days  M 
the  fertilisation  of  the  egg.  At  the  place  where  the  epideiini- 
passes  over  the  surface  of  the  primary  optic  vesicle  (fig.  264  A  lg), 
it  becomes  slightly  thickened  and  invaginated  into  a  small  pit  (lens- 
pit).  The  pit,  by  its  deepening  and  by  the  approximation  of  if- 
edges  until  they  meet,  is  converted  into  a  lens-vesicle  (fig.  264  B  Is),. 
which  for  a  time  preserves  its  connection  with  its  parental  substra- 


469 


tuin,  the  epidermk  l.y  means  of  a  solid  epithelial  cord  (1st).     Upon 
otod  <>n  the  1. -mi-vesicle  naturally  pushes  the  adjacent 
ral    wall  vesicle  before  it  and  folds  the 

against  the  median   wall. 

At  •  time  with  the  development  of  the  lens,  the  primary 

nptic   ve.-icle    is  also  in\  aviated  from  below  along  a   line   which 
ir.iin  tin-  epidermis  to  the  attachment    «.f  the  >t., 
tde,  and  is  even  ton  tinned  along  the  I  some  distance 

265   aits).      A  loop   of   a   blood-vessel   from    the    enveloping 
connect  i\e  i:>sue,  embedded  in  soft,  irel-mumis  substance  (gl), 
grows  against  the  lower  surface  of  the  primary  optic  vesicle  an 
-talk,   and   pushes   up   before    it    the 

lower    wall. 

In  con-equence  of  the  two  inva 

the  optic   vesicle    acquires    the 

form  of  a  beaker  or  cup,  the  foot  of 

which  is  represented  by  its  stalk  (Sn). 

But  the  optic  cup,  as  we  can  from  this 

time  forward  designate  the  structure? 

e.\hil>it>    tuo    peculiarities       Kir 

s  it  were,  a  defect  (fig.  2(j^ 

iu  it-  low.  r  wall  ;    for  there   runs  along 

the   latter   from    the    margin    of    the 

1    opening    which    embraces    the 

lens  (/)  to  the  attachment  of  the  stalk 

(Sn)  a  fissure  (aus),  which  is  caused  by 

the  development  of  the  vitreous  body 

(gl)  and    bears  the  name  foetal  optic 

<>roid  fasure].      At  first 

it  is  rather  wide,  but  then  becomes  narrower  and  narrower  by  the 
approximation  of  its  edges  and  finally  closed  alt..-,  i  her.     Secondly, 
the  optic  cup,  like  the  toy  called  the  cup  of  Tantalus,  is  prov 
with  double  walls,  which  are  continuous  with  each  other  alom: 
edge   of  the  front  opening  and  also  along  the  fissure.     They  will 
henceforth  be  designated  as  inner  (figs.  264  B  and  265  ib)  and  outer 
(ab)   layers;   the   former   is  the  invaginated,  the  latter  the  unin- 
vaginated  part  of  the  primary  optic  ves; 

At  the  bejrinniiiir  of  the  infoldim:  the  two  layers  are  separated  by 
a  broad  space  (h),  which  leads  into  the  third  v.  utricle  through  the 
stalk  of  the  vesicle  (Sn) ;  but  afterwards  the  >pace  Incomes  reduced 
proportionally  to  the  increase  in  the  size  of  the  vitreous  body. 


Fig.  265  Plastic  representation  of 
the  optic  cup  with  lens  and 
vitreous  body. 

aft,  O;:- 

wall ;  A,  cavity  between 
the  two  walls,  which  later  dis- 
appear* entirely ;  Sn,  fundament 
of  the  optic  nerve.  (Stalk  of  the 
vesicle  with  a  farrow  on 
iU  lower  surface.)  am,  Optic 
[choroid]  fissure ;  gl,  Titreoos 

I*  Hi 
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Finally  outer  and  inner  layers  come  to  lie  in  close  contact  (fig.  266 
pi  and  r).  The  fundaments  of  the  lens  (le  and  If)  and  the  vitreous 
body  (g)  constitute  the  contents  of  the  cup.  The  vitreous  body  fills 
the  bottom  of  the  cup,  the  lens  its  opening. 

In  the  proDess  of  invagination  the  stalk  of  the  optic  vesicle  has 


Fig.  26f.— Section  through  the  optic  fundament  of  an  embryo  House,  after  KESSLER. 

pi,  Pigmented  epithelium  of  the  eye  (outer  lamella  of  the  optic  cup,  or  secondary  optic  vesicle) ; 
r,  retina  (inner  lamella  of  the  optic  cup)  ;  rz,  marginal  zone  of  the  optic  cup,  which  forms 
the  pan  ciliaris  et  iridis  retinae ;  g,  vitreous  body  with  blood  vessels  ;  tv,  tunica  vasculosa 
lentis ;  bk,  blood-corpuscles ;  ch,  choroidea  ;  //,  lens-fibres ;  le,  lens-epithelium  ;  I',  zone  of 
the  lens-fibre  nuclei ;  A,  fundament  of  the  cornea  ;  he,  external  cornea!  epithelium. 

also  changed  its  form.  Originally  it  is  a  small  tube  with  an  epithe- 
lial wall,  but  afterwards  it  becomes  an  inverted  trough  with  double 
walls,  inasmuch  as  its  lower  surface  participates  in  the  invagination 
caused  by  that  growth  of  connective  tissue  which  toward  the  peri- 
phery furnishes  the  vitreous  body.  Later  the  edges  of  the  trough 
bend  together  and  fuse  with  each  other.  In  this  way  the  connective- 


\  YER.  1  7  1 

'••  cord,  with  the  ;;.  traverses 

endowed  \\ithiii  the  stalk,  which  is  in.\v  :i  i|iiite  compact  structure. 

l-'inally    tin-    ti  tin*   intermediate   layer,   apart    tn.m    it^ 

producing  the  vitreous  body,  takes  a  fu:  vo  Hhare  in  the  de- 

velopment of  the  whol"  eye.  inasmuch  as  tha  <h  i«. 

adjacent   to  the  optic  cup  is  dill'.Tentiat.  d  into  tin-  choroid  nn-mhrane 

<ti£.  -(')»'•  <•/')  ami  tin-  sd.M  the  eye. 

After  having  thus  delineated  hrietly  tho  source  of  the  most 
important  components  of  the  eye,  ii  will  !>«•  my  purpose  in  what 
{'..Hows  to  pursue  in  detail  the  development  of  ea<  "parately. 

I  shall  Infill  with  the  lens  and  vitreous  body,  then  pass  to  the  optic 

au.l    at    that     point    a. 11    an    ac,  :uation   of    the 

choroid    membrane  ami    th  ii-a,  as  well  as  the  opti 

in  a  final  M-i-tion  I  shall  treat  of  the  organs  that  are  accessory  to  the- 

optic  cup — the  eye-lid  .  rymal  irlamls  and  their  ducts. 

(a)  The  Dei-  of  the  Lens. 

When  the  lens- reside  has  been  completely  00 

primitive  epidermis  (fig.  264  B  Is),  it  possesses  a  thick  wall,  which  i-> 
composed  of  two  or  thiv-  layers  "i  epiilielial  c.-lls.  ami  encloses  a 
cavity  that  in  J»ir«ls  is  part  inly  tilled  with  tluid,  Imt  in  the  case  of 
Mammals  by  a  mass  of  small  cells.  The  mass  of  cells  is  the  result 
of  a  proliferation  of  the  ino>;  sup  -rticial  flattened  sheet  of  the  primitive 
epidermis;  it  is  without  importance  in  the  further  development — a 
transient  mass,  that  soon  degenerates  and  is  absorbed  when  the  1 
til »ros  are  developed.  (ARNOLD,  MIIIALKOVICS,  GorrsniAi:.  K 

rnally   the   epithelial    vesicle   is   sharply  limited    by  a    thin 
membrane,  which  is  afterwards  thickened  int<>  '//e  of  the  lens 

ila  lentis).  There  are  two  opposing  views  in  regard  t. 
develo].m"nt.  According  to  one,  the  capsule  is  a  cut  icular  -true 
that  is  to  sa y,  a  structure  secivt<-d  by  tin*  celK  of  the  lens  at  t 

•ording  to  the  u  it  is  the  product  of  a  co 

tissue   lay.  r.  to  be  described  more  fully   hereafter,  enveloping 
lens-vesicle. 

In  latei  ierable  (h  o  in  the  developn 

of  the  anterior  and  posterior  walls  (fi<r.  266).  In  the  region  of  the 
anterior  wall  the  epithelium  (le)  becomes  more  and  more  flattened; 
the  cylindrical  ivlls  are  ronv.-rt  ••!  into  e  inents,  which  are 

preserved  throughout  life  in  a  Mnirle  layer  and  constitute  the  so-called 
lens-ejnf heli' >nn  in  the  L  adult  ifiLT.  -'•!>  A1').  In  the  posterior 
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•w  all,  on  the  contrary,  the  cells  increase  greatly  in  length  (fig.  260  if) 
and  grow  out  into  long  fibres,  which  form  a  protuberance  projecting 
into  the  cavity  of  the  vesicle.  The  fibres  stand  perpendicular  to  the 
posterior  wall,  are  longest  in  its  middle,  become  shortei  towards  the 
•equator  of  the  lens  (figs.  266,  267  l)9  and  finally  appear  as  ordinary 


pi   r 


rflm 

leto  k  d  h  he 


Somewhat 


Tig.  267.— Part  of  a  section  through  the  ftmtUment  of  the  eye  of  an  embryo  Mouse, 
older  stage  than  that  shown  in  fig.  266.    After  KESSLER. 

A  part  of  the  lens,  the  rim  of  the  optic  cup,  the  cornea,  and  the  anterior  chamber  of  the  eye. 
pi,  Pigmented  epithelium  of  the  eye ;  r,  retina ;  rz,  marginal  zone  of  the  optic  cup ;  g,  blood- 
Teasels  of  the  vitreous  body  in  the  vascular  capsule  of  the  lens  ;  t v,  tunica  vasculosa  lentis  ; 
*,  connection  of  the  latter  with  the  choroid  membrane  of  the  eye ;  i',  transition  of  the  lens- 
epithelium  into  the  lens-fibres;  U,  lens-epithelium;  L-,  anterior  chamber  of  the  eye; 
d,  DESCEMET'S  membrane ;  h,  cornea ;  he,  corneal  epithelium. 

cylindrical  cells;  these  in  turn  become  still  shorter  and  are 
continuous  with  the  cubical  cells  (le)  of  the  lens-epithelium.  In  this 
way  there  exists  at  the  equator  a  zone  of  transition  between  the 
fibrous  portion  and  the  epithelial  part  of  the  lens. 

The  next  change  consists  in  the  elongation  of  the  fibres  until  t  In  ir 
anterior  ends  have  reached  the  epithelium  (fig.  267).     Consequently 


\  I.i:. 


the  vesicle  ha>  n»\v  become  a  solid  struct  i  ii.-.  uhich,  as  the  lens  . 
furni>he>  tin-  foundation  of  the  l.-n^  of  tin-  adult. 

Tin'  J  art  In  r  in<-,','uttf  'in  tin  f«M  '/  //<«  /WW  W  an  apporitional  yr< 
Around  i  lift-  mini  nri>  •  ii'-w  1--I  1  1  ic  h  are  arranged 

parallel  t<>  the  surface  of  the  organ  and  are  united  ••«.    These 

lit-  in  layer>  one  over  another,   which  in  lenses  may  be 

detached  like  fchf  in  ...  ,;,,„.     .\:i  i; 

extend  from    tlu-   anterior   t<»  tlu-    posterior   -uriace,  u  here  t  heir  ends 
inert  one  another  along  regular  lines,  uhirli  in   the  «  n.  i   the 

new-horn    animal    liavt?    the    form   of    t  v. 

'  :iil|it-    th.- 


»>-ralli  (1  xturs  of  (/> 

peculiarity  that  the  rays  of 
the  anterior  face  alternate 

with  those  of  the  ]><  sterinr 
lace,  so  that  the  three  rays 
of  one  star  halve  the  .^.aces 
between  the  three  rays  of  the 

other. 

In     the     adult     the     lii_fuie 
uiore     complicated, 
because  lateral  rays  ari 
each  of  the  three  chief  r 

How    liave   the    newly    de- 

d      fibre-     been     formed  I 

Their  origin   is  ultimately  to 
be   referred    to    the    !»•: 
theliuin    of    the   front    Miri'aci* 
of  the  organ.      In  these  cells 
of  nuclear  division  can 


Fig.   268.     Diagram  of   the   arrangement  of  the 

leni-flbres. 
One  «ees  the  opposite  positions  of  the  a 

and    the   posterior   </w()  stars   of   the    len«. 

If,  Course  of  the  leiis-fibres  on  the  anterior 

surface  of  the  lens  ami 

the  anterior  star  of  the  lens ;  //",  oout . 

of  the  same  librea  to  the  posteiior  star  uu  the 


fie(p.ently  l>e  ol»erveil  even  in  late  i<  ..•\el(»j»iuent.     The 

which   re.-nlt    from   di\ision   >ei\e   to   n  -|  M   \\liii-h  gix)w  out 

into    lens  -iibn-s,  and    are   placed    upon  the  already  formed   la 
The   new    formation   takes  place  only   at    the  equator  of  the  l«-n> 
(ti-T.  -(n)  in   the  zone  of   tran>iti«»n  (/')    i>r«-u«>»i>ly  de>crilied.  \\ 
in  the  adult  as   well  as   in    the   recently    horn    animal,    the    cubical 
epithelial  cells  gradually  merge  into  cylindrical  and  fibrous  elem< 
as  one  can  conviiu-e  himself  from  an\  j  tlirected  Mvtion. 

In  the  adult,  as  is  well  known,  there  «-xi>t  no  sjuvial  provision- 
(//>'  nutrition  »f  the  leiis,  which,  aflei-  attainint:  full  si/.e.  i>  not  much 
altered,  and  certainly  undergoes  only  a  slight  meta>ta>i>.      With  the 
•embryo  it  is  otherwise.     Here  a  more  active  growth  tes  a 
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special  apparatus  for  nutrition.  This  is  furnished  in  Mammals  by 
the  tunica  vasculosa  lentis  (figs.  266,  267  tv).  By  this  is  understood 
a  highly  vascular  connective-tissue  membrane,  which  envelops  the 
outer  surface  of  the  capsule  of  the  lens  on  all  sides.  In  Man  it  is 
already  distinctly  developed  as  early  as  the  second  month.  Its 
vessels  are  derived  from,  those  of  the  vitreous  body.  Consequently 
on  the  posterior  wall  of  the  lens  they  are  large.  These,  resolved 
into  numerous  fine  branches,  bend  around  tb".?  equator  of  the  lens, 
and  run  toward  the  middle  of  the  anterior  surface,  where  they  form 
terminal  loops,  and  also  unite  with  blood-vessels  of  the  choroid 
membrane  (fig.  267  x}. 

Separate  parts  of  the  nourishing  membrane  of  the  lens,  having 
been  discovered  at  different  times  by  various  investigators,  have 
received  special  names,  as  membrana  pupillaris,  m.  capsulo-pupillaris, 
m.  capsularis.  The  first  to  be  observed  was  the  membrana  pupil! 
the  part  of  the  vascular  membrane  which  is  situated  behind  the 
pupil  on  the  anterior  surface  of  the  lens.  It  was  the  most  easily 
found,  because  occasionally  it  persists  even  after  birth  as  a  fine 
membrane  closing  the  pupil,  and  producing  atresia  pupillce  congenita. 
Later  it  was  found  that  the  membrana  pupillaris  is  also  continued 
laterally  from  the  pupil  on  the  anterior  face  of  the  lens,  and  tin- 
part  was  called  membrana  capsulo-pupillaris.  Finally  it  was  dis- 
covered that  the  blood-vessels  are  spread  out  on  the  posterior  wall  of 
the  lens — the  membrana  capsularis.  It  is  superfluous  to  retain  all 
these  names,  and  most  suitable  to  speak  of  a  nutritive  membrane  of 
the  lens,  or  a  membrana  vasculosa  lentis. 

This  vascular  membrane  attains  its  greatest  development  in  the 
seventh  month,  after  which  it  begins  to  degenerate.  Ordinarily  it 
has  entirely  disappeared  before  birth ;  only  in  exceptional  cases  do 
some  parts  of  it  persist.  Toward  the  end  of  embryonic  life,  more- 
over, the  chief  growth  of  the  lens  itself  has  ceased.  For  according 
to  weighings  carried  on  by  the  anatomist  HUSCHKE,  it  has  a  weight 
of  123  milligrammes  in  the  new-born  child,  and  190  milligrammes 
in  the  adult,  so  that  the  total  increase  which  the  organ  undergoes 
during  life  amounts  to  only  67  milligrammes. 

(b)  The  Development  of  the  Vitreous  Body. 

The  question  of  the  development  of  the  vascular  membrane  of  the- 
lens  leads  to  that  of  the  vitreous  body.  As  was  previously  men- 
tioned, there  grows  out  from  the  embryonic  connective  tissue  a 


TIM.  (,I:KM-I.\ 

pn  06  -  \\  it  li  ::   \a-c-i!  . :  v  into  the  pri: 

-  stalk  (li  Tin-    \:isrul:ir   loop  then  1- 

IK!   out   new   lateral   branches;    likewise   tin-  cor. 
matrix,  which  increases  great  ly  and  N  characterised 

l.y  its  extraordinarily  .-IL'li'  .••«:••   proportion  of 

\\at.  are  also  to  bo  found  in  it  here  and 

there    i-ola'ed    stellate    con:  sue    cells:    lint     the-e    disappear 

later,  and  in  their  place  occur  migratory  cells  (leucocyte^),  which  are 
a  — nmcd  tO  he  immigrated  uhite  blood-cor; 

There  are  two  opposing  viewa  re^ardin. 

ment  of  the  vitreous  l.ody.     According  KB  we  have  to  do, 

not  with  a  genuine  connective  substance,  but  with  a  tran-ud at  ion, — 
a  fluid. — which  has  been  secret  «•  1  from    the  va-vular    looj»  ;   the 
are  from    the   he^innin^  simply   immii.Tat.-d   white   hl,n»d  c..rpi: 
KOI.I.IKKH,    S«  HWALBE,   and   other  investigators,   on    the   contrary, 
regard  tin4  vitreous  body  us  a  genuine  connective  Mihstanee.     Acconl- 
inir  i(»  SCHWALIIK'S  delinition,  to  which  I  adhere,  it  <•<  I  an 

••dhurly    watery  c-onnect ive  tissue,  whose  fixed  cells  have  early 
di-appeaied.  but  whc-e  int  eriil  irillar  sub-taiuv  inlilt  i-aT.-d  with  « 
i-  traversed   by  migratory  cells.     The  vitreous  body   is   at 
Mirrounded  by  a  structureless  membrane,  th-- 

which,  according  to  some  in  ventilators,  belongs  to  the  retina,  al- 
though, according  to  the  researches  of  SCIIWALBE.  tliis  \  iew  is  not 
admissible 

The  vitreOUfl  body,  which  in  the  adult  is  quite  d.  .f  blood- 

is,  i-  hountifully  su]>plied  \\ith  them  in  the  embryo.  They 
come  from  the  art  /,  the  branch  of  the  ophthalmic 

artery  that  runs  along  the  axis  of  the  optic  n« 

The  artcria  ccntralis  retiiue  is  prolonged  from  the  papilla  of  the 
optic  nerve  as  a  brunch  which  i-  '"d  as  the  arteria  hyal.-idea. 

Tlii-,  resolved  into  several  brunches,  runs  forward  through  the 
vitreous  body  to  the  pos'erior  .-urfucc  of  the  len-.  \\  in-re  its  numerous 
terminal  ramilicat:  d  out  in  the  tunica  vasculn-a,  and  at  the 

ejuator  pasv  over  on  to  the  anterior  face  of  the  lens.  During  the 
iu>t  months  of  embryonic  life  the  vessels  of  the  l>ody,  to- 

gether with  the  nutritive  membrane  of  the  len>.  undergo  degenera- 
tion; they  entirely  disappear,  with  the  exception  of  a  rudiment  of 

the  chief  stem,  which  runs  forward  from  the  entrance  of  the  optic 
nerve  to  the  anterior  surface  of  the  vitreous  body,  and  during  the 
degeneration  is  converted  into  a  canal  tilled  with  fluid,  the  canalis 
hyaloi 
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(c)  The  Development  of  the  Secondary  Optic  Cup  and  the  Coats 

of  the  Eye. 

The  optic  cup  is  further  metamorphosed  at  the  same  time  with 

the  layer  of  mesenchyma  which  en- 
velops it,  and  which  furnishes  the 
middle  and  outer  tunics  of  the  eye, 
so  that  it  seems  to  be  desirable  to 
treat  of  both  at  the  same  time.  I 
begin  with  the  stage  represented  in 
figures  266  and  269.  The  optic  cup 
still  possesses  at  this  time  a  broad 
opening,  in  which  the  lens  (le)  is  em- 
braced. The  latter  is  either  separated 
from  the  epidermis  by  only  an  ex- 
ceedingly thin  sheet  of  mesenchyma, 
as  in  the  Mammals  (fig.  266),  or  its 
anterior  face  is  in  immediate  contact 
with  the  epidermis,  as  in  the  Chick 
(fig.  269).  In  the  beginning,  therefore, 
there  is  no  separate  fundament  for 
the  cornea  between  lens  and  epidermis  ; 
moreover,  both  the  anterior  chamber 
of  the  eye  and  the  iris  are  wanting. 

The  fundament  of  the  cornea  is  de- 
rived from  the  surrounding  mesen- 
chyma, which,  as  a  richly  cellular  tissue, 
envelops  the  eyeball.  In  the  Chick 
(fig.  269),  as  early  as  the  fourth  day, 
it  grows  in  between  the  epidermis  and 
the  front  surface  of  the  lens  as  a  thin 
sheet  (bi).  At  first  this  sheet  is  6/ 
tureless,  then  numerous  mesenchymatic 
cells  migrate  into  it  from  the  margin 
and  become  the  corneal  corpustlrs. 
These  produce  the  corneal  fibres  in 
the  same  way  that  embryonic  con- 
nective-tissue cells  do  the  connective- 
«-«  to*,  v™*  **  structureless 
sheet  in  part  goes  to  form  the  cement- 
ing substance  between  them,  and  in 
part  is  preserved  on  the  anterior  and  posterior  walls  as  thin  layers 


Fig.  269.-8ection  through  the  an- 
terior portion  of  the  fundament 
of  the  eye  in  an  embryo  Chick 
on  the  fifth  day  of  incubation, 
after  KESSLEK. 

W,  Corneal  epithelium  ;  le,  lens-epi- 
thelium ;  h,  structureless  sheet  of 
the  corneal  fundament ;  bi,  em- 
bryonic connective  substance, 
which  envelops  the  optic  cup 
and,  penetrating  between  lens- 
epithelium  (le)  and  corneal  epi- 


net  layer  of  the  aecondary 
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tute  of  cells;   tl>«>.    I.-,-.  ;  ig  chemical  metamorphosis, 

i,-   n-.pccti\ely  the  ineml.i 
lira  ne  of  DESCEMET. 

The  internal  ondot  helium  of  il  loped  at  an  e.v 

;>rdinarily  early  ej>och  in  tin-  ( 'liirk.     For  as  soon  as  the  structureless 
-heet  piv\iou>ly  mentioned  (fig.  200  /<)  has  attained  a  certain  thick 
noss.  mosenchymatie   cells   proceeding  fn  m  tin-  margin  spread  them 

i  out  nn  its  inner  rarfaoe  aaa  -ingle-layered  thin  cell-membrane. 

With  this  hegin-  also  i  ../  the  anterior  chamber  of  the  eye. 

l-'or  tin- thin  fun. lament  of  the  cornea,  which  at  first  lay  in  immediate 

(t  with  tlu-  front  >urface  of  the  lens,  now  becomes  somewhat 
elevated  from  the  latter,  ami  -eparatod  tVom  it  l»y  a  fissure-like  space 
tilled  with  tluid  (humor  aqueus).  Tin-  fissure  is  first  observable  at 
the  margin  of  the  secondary  opt i«  cup.  and  spreads  out  from  this 

•ii  toward  the  anterior  pole  of  the  lens.  The  anterior  chamber 
of  the  eye  doe>  not,  however,  acquire  a  greater  size  and  its  definite 
form  until  the  development  of  the  iris. 

Two  opposing  \itws  «  xist  concerning  the  origin  of  the  .structureless 

h  has  been  described  as  constiti;  irst  fundament  of  the  cornea  in 

the  Chick.     According  to  KESSLER  it  is  a  (product  of  the  secretion  of  the 

cj'i.lcrmi.s,  \vlu-ivas  the  conical  corpusch-s   migrate   in   from  t!.c  im-scnchyma. 
In  his  opinion,  therefore,  the  composed  of   two  entirely  <li:T 

fundaments.      According    to    Koi.LiKi:!:,    on    the    contrary,    all    its    parts   are 
devrlojied  out  of  the  mesenchyma,  a:,d  the  homogeneous  matrix  simply  out 
the  cells  in  its  growth  and  extei.- 

In  Mi  inn'  '//.v  <  ii_ur.  266)  the  oonditiona  ditl'er  som- \\hat  from  those 
of  the  Chick  ;  for  as  soon  as  the  lens-vesicle  in  Mammals  is  fully 

const  rioted  oil',  it  is  already  enveloped  l>y  a  thin  sheet  of  nn-mchyma 
(Jt)  with  few  rells.  which  separates  it  from  the  epid- -rini-.  Tlie  thin 
layer  is  rapidly  thickened  by  tlie  immigration  <»!'  cells  from  the 
vicinity.  Then  it  is  >ej  ai'ated  int..  twolajen  (tii:.  *J''»7),  the  pupillar 
nieinl'i-aiie  (//•)  ;u:d  the  fundament  of  the  cornea  (h).  The  form* 
a  thiii.  very  \a-cular  memhrane  lying  on  the  ant .  ace  of  the 

lens;   its  network  of  Hood  "inmiuiicates  on  the  one  hand 

posteriorly  with  the  vessels  of  the  vif  ly,  together  witli  wliich 

it  constitutes  the  tunica  vasculosa  lent  is.  and  on  the  other  anastomoses 
at  tlie  margin  of  the  optic  cup  with   tin-  va>cu!ar  network  ot 
latter.     The  fiun lament  of  the  corne.  diarply  delimited  from 

the  pupillary  ineinl-rane  at  the   tin..-   when   the  anterior  chamber  of 
the  eye  (A-)  is  forme  1   a>  a    narrow   fissure,  w]  ;  illy  increase* 

in  extent  with  the  appa  :ance  of  the  iri^. 
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Jig.  270.- Section  through  the 
margin  of  the  optic  cup  of 
an  embryo  Turdus  muaictm, 
after  KEHSLER. 

r,  Retina ;  pi,  pignaented  epithe- 
lium of  the  retina  (outer 
lamella  of  the  optic  cup) ; 
Li,  connective-tissue  envelope 
of  the  optic  cup  (choroidea 
and  sclera) ;  •  ora  serrata 
i uoundary  between  the  mar- 
ginal zone  and  the  f  undus  of 
the  optic  cup);  ck,  ciliarv 
i-dy;  1,  2,  8,  iris;  1  and  2, 
inner  and  <>uU-r  lamella;  of 
the  pan  iridis  retinte  ;  3f  con- 
i.ite  of  the 

inn  ;  //-.  ligaiuentum  pecti- 
.M  iridis;  tch,  canal  of 
8CHLEMM ;  I>,  DESCEMET'H 
membrane;  A,  cornea;  /*, 
cornea!  epithelium. 


During  these  processes  the  condition  of 
the  optic  cup  itself  has  also  changed.  Its 
outer  and  inner  lamellae  continually  be- 
come more  and  more  unlike.  The  former 
(figs.  266,  267  pi)  remains  thin  and  com- 
posed of  a  single  layer  of  cubical  epi- 
thelial cells.  Black  pigment  granules  are 
deposited  in  this  in  increasing  abundance, 
until  finally  the  whole  lamella  appears 
upon  sections  as  a  black  streak.  The 
inner  layer  (r),  on  the  contrary,  remains 
entirely  free  from  pigment,  -with  the  ex- 
ception of  a  part  of  the  marginal  zone ; 
the  cells,  as  in  the  wall  of  the  brain - 
vesicles,  become  elongated  and  spindle- 
shaped,  and  lie  in  many  superposed  layers. 

Moreover  the  bottom  of  the  cup  and 
its  rim  assume  different  conditions,  and 
hasten  to  fulfil  different  destinies;  the 
former  is  converted  into  the  retina,  the 
latter  is  principally  concerned  in  the 
production  of  the  ciliary  body  and  the 
iris. 

The  edge  of  the  cup  (fig.  267  rz,  fig.  270*, 
and  fig.  271)  becomes  very  much  reduced 
in  thickness  by  the  cells  of  its  inner  layer 
arranging  themselves  in  a  single  sheet, 
remaining  for  a  time  cylindrical,  and  then 
assuming  a  cubical  form.  But  with  its 
reduction  in  thickness  there  goes  hand 
in  hand  an  increase  in  its  superficial 
extent.  Consequently  the  margin  of  the 
optic  cup  now  grows  into  the  ant<  rim- 
chamber  of  the  eye  between  cornea  .-md 
the  anterior  surface  of  the  lens,  until  it 
has  nearly  reached  the  middle  of  the 
latter.  Then  it  at  last  bounds  only  a 
small  orifice  which  leads  into  tho  cavity 
of  the  optic  cup— the  pupil.  Th*«  />/<///"  at- 
layer  of  the  iris  is  derived  from  the  mar- 
ginal region  of  the  cup,  as  KESSLEE  first 
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lament  gnu  posited  in 

the  inner  epithelial  la\  lamella, 

the  two  are  no  longer  distinguishable  te  layers. 

The    niesenehymatic     layer    \\hich    envelops  rlii-Iia! 

lamella-    keep-;    p.- with    them    in    their     Miperticial    ,  |t 

become.,  thickened  and  furnishes  the  xfroi.ia  of  the  iris  with  its 
ahundant  non-t  riated  muscles  and  blood-vessels  (fig.  2703).  In 
.MalMiaU  (fig,  1Y.7  |  f(1|-  ;i  time  COM'  with  the 

tunica    vascul.  .sa.   ],.ntjs  (/,-),   in   consequent f   uhieh    the   pupil    in 

embryos    i.s    d.^ed    by    a    thin 

•i!ar         c 
membrane.  air  ady 

stale  I. 

Tin-  part  of  the  optic  cup 
which  i-s  ad'acent  to  the  j.iir- 
ment  layer  "-,'  tho  iris  and 
Mil-rounds  th--  equator  'f  the 
lens,  and  which  likewise  be- 
to  the  attenuated  mar- 
ginal zone  of  the  cup  (fii_r. 

FijT-  271.— Cross  section  through  the  ciliary  par 
-i<>    rA'),    undergoes    an    inter-  of  the  eye  of  an  embryo  Cat  10  cm.  long,  after 

Iteration.        In      O 

Thro.-  vsee  formed  by  the  fol  i 

junction  with  the  neighboring  -icmp  are  shown.  vo.ttaie 

layer  of  connective  substance,  ***  T  ^er« 

•oil  layer  of  the  optic  cup; 
it  is  convert*  d  into  the  «',  sheet  of  connective  tissue  that  has  pene- 

of  the  eye.     This  pm 

is    in    the   Chick    on   th" 
ninth  or  tenth  day  <  f  incubation  <  Ki:— i  i  i: ).  in  Man  at  the  end  of  the 
uning  of  the  third  month  (  KOI .I.IKER).    The  attenuated 

elial  do.ible  lamella  of  the  cup,  in  consequence  of  an  especial Iv 
vigorous  growth   in  area,   is   laid   into   D  .   [n.arly]   parallel 

-hor;  folds  which  are  arranged  radially  around  the  equator  of  the 
lens.  As  in  the  here,  the  adjacent  mesenchymatic  ! 

participates  in  the  growth  and  penetrates  between  the  folds  in  the 
form  of  tine  processes.  Across  section  throui:h  the  folded  part  of 
the  optic  cup  of  a  Cat  embryo  10  cm.  long  (tig.  _7  1 )  aiior  U  informa- 
tion concerning  the  original  form  of  these  pro©  >  !  amm  tls. 
It  shows  that  the  individual  folds  are  very  thin  and  enclose  within 
them  only  a  very  small  amount  of  embr\  (bi1) 
with  line  capillaries,  and  that,  unlike  the  pigment  epithelium  of  the 
iris,  only  the  outer  of  the  two  epithelial  layers  .  tgmented, 
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whereas   the  inner   (ib)    remains   unpigmented   even   later   and   is 
composed  of  cylindrical  cells. 

Subsequently  the  ciliary  processes  become  greatly  thickened  through 
increase  of  the  very  vascular  connective-tissue  framework,  and 
acquire  a  firm  union  with  the  capsule  of  the  lens  through  the 
formation  of  the  zonula  Zinnii.  In  Man  the  latter  is  formed, 
according  to  KOLLIKER'S  account,  during  the  fourth  month,  in  a 
manner  that  here,  as  well  as  in  other  Mammals,  is  still  incompletely 
explained. 


remarks  that  the  zonula  is  distinctly  recognisable  in  eyes 
which  have  attained  half  their  definite  size.  If  one  takes  out  of  an  eye  the 
vitreous  body  together  with  the  lens,  and  then  removes  the  latter  by  opening 
the  capsule  on  the  front  side,  the  margin  of  the  capsule  appears  surrounded 
oy  blood-vessels  which  pass  from  the  posterior  over  on  to  the  anterior  surface, 

"At  the  places  where  the  processus  ciliares  are  entirely  removed,  tufts  of 
fine  fibres  are  to  be  seen  which  correspond  to,  and  fill  up,  the  depre> 
between  the  ciliary  processes  ;  but  between  these  tufts  is.  also  to  be  seen  tv 
thin  layer  of  the  same  kind  of  finely  striate  masses,  which  must  have  lain  at 
the  same  level  as  the  ciliary  processes."  Furthermore  LlEBERKCKN  states 
that  "  there  lie  within  this  striated  tissue  numerous  cell-bodies  of  the  same 
appearance  as  those  that  are  found  elsewhere  in  the  embryonic  vitreous  body 
at  a  later  period." 

AXGELDCCI  believes  that  the  zonula  arises  from  the  anterior  part  of  the 
vitreous  body  ;  at  the  time  when  iris  and  ciliary  processes  are  developed  he 
finds  the  vitreous  body  traversed  by  fine  fibres,  which  extend  from  the  ora 
serrata  to  the  margin  of  the  lens.  He  describes  as  lying  between  the  fibres 
sparse  migratory  cells,  which  are  maintained,  however,  to  have  no  share  in 
the  formation  of  the  fibres. 

Tie  fundus  of  the  optic  cup  (figs.  266,  267,  270)  furnishes  t  In- 
most important  part  of  the  eye  —  the  retina.  The  inner  lamella  of 
the  cup  (r)  becomes  greatly  thickened,  and,  in  consequence  of  its 
cells  being  elongated  into  spindles  and  overlapping  one  another  in 
several  layers,  acquires  an  appearance  similar  to  that  of  the  wall  of 
the  embryonic  brain.  Subsequently  it  becomes  marked  off  by  an 
indented  line,  the  ora  serrata  (at  the  place  indicated  by  a  star  in 
li«r.  270),  from  the  adjoining  attenuated  part  of  the  optic  vesu  •!«•. 
\\liicli  t  u  1-1  lislies  the  ciliary  folds.  It  also  early  acquires  at  its  tun 
surfaces  a  si  imp  limitation  through  the  secretion  of  two  delicate 
membranes  :  on  the  side  toward  the  fundament  of  the  vitreous  body 
it  is  bounded  by  the  membrana  limitans  interim;  on  that  toward  the 
outer  lamella,  which  becomes  pigmented  epithelium,  by  the  membrana 
limitans  externa. 

In  the  course  of  development  its  cells,  all  of  which  are  at  first 
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alike,   become  specialised   in   \.T\    differ 

which    there   are  produce  I    the    \\ell-known    layer-    di-t in.L'u i-he, 1    hy 
.M\\  S<  m  I.T/I:.      I  -hall  n«>t  -TO   ii,t..   f  h,       .  f   thi>   hi.  tological 

ditlerentiation,   luit    shall    iiifiiiioii    BOme   further    points  of  gen 

importen 

Wiimi.M  .Mi  i  i.i  i:  in  hi-  ••  >t.imme-.-nt wieklung  des SehorL 
der     NVirhelthiere"     ha-    clearly     -ho\\n.     tin-    development    of 
originally    -inular    rj.it  ln-lial    i-i-ll>    of   the    r«-lma    tak»--    j»lac«»    in    all 

Vertebrates  in  two  chief  directions :  a  part  «>t'  th<-n:  IN m«-  MI 

cjiith.  limn  and  the  specific  struct  uiv-  of  the  cent  ral  n«"-\i»us  system — 

ganglionic  cells  and  n»'r\<'-!i'  ire  uu-t:iiiii»riilu»«-'i 

sopfwrting and isoiUtuig  elements-   im«>  Mi  I.I.I:K'S  ra.lial  ni.r.- 

the  granular  [n-ticnlar  or  molecular]  layn>,  which  i-an  be  gro1 
toLr<'thfr  as  epithelial   .-n-teiitat  ive   ti»iu-   (fulcnui  :ly,    with 

the  descendants  of    the  epithelium    are  1    conn.-.-! 

elements,   which  <jrov»-  from   the  sunotin<lini:  ronnrt-tive   ti 
the  epithelial  layer  for  its  better   nutrition,   in   the  sam<-   manner  as 
ill  the  central  ner\  :n.      'I'he-e  in-ri-u  t  hs  ar«-  !•! 

artoria  n-ntralis   ivtiiut-   with   their  extremely   thin   conincn 
.-heath-.        The     Lamprey-    alone    form    an    exception,    th- 

remaining  free  from  blood-vessela     In  all  other  \'rrt««l»rates  1.;. 

-Is  are  present,  hut  they  an-    limitc'l    to   the    inner 

retina,  leaving  the   outer   granular   (K..rn.-i-)    laser   and    that    of   the 
r«nl>  and  ci.ne>   free;    the    latter   have   heen    dist  inirui.-h' 
t  pithelium  from  the  remaining   [>oition-  with    their   nerxetihn--   and 
ganglionic  Cells — the  brain  part  of  the  retina. 
<  >t'  all  the  parts  of   the    n-tina    tin- 

la.-t  to  l.e  developed.     According  t«»  the  inveetigationfl  . 

I'.AI.I  .  ni\.  MAX  S<  in  I.T/I:.  and  \V.   Mi  i  i  .rises  as  a  product 

of     the     outer     ^raliula:  which,     Colll{X)Sed    of     line 

spindle  -haped  element-,  i-  held  to  he.  a.-  ha-  1-  utial 

i-y  epithelium  of  th"  eye       In  the  (  'hick  t  he  development  of  the 
rod.-   and    cone-    can    he    made   »ut    on    the   tenth    day   of   incuh.  • 
MAX    Sriin.i,  eoncernini:    \..unir  Oatfl  and    Hal. Lit-,    \\liicli 

are    l-orn    hlind.   that    the   fundament    of  the   rods   and  cones  can  be 
di.-tin.iriti-hed    for   the   tir-t    time   in    the   ,-arlv    day-    after   hirth:    in 
other    Mammals    and    in    Man.    on    the    contrary,    they    are    foi 
hefore   hirth. 

In  all  Vertehrates.  a-  I"!)L:  afl  i"d-  and  OOH6i  are  n»t  pre-ent,  the 
inner  layer  of  the  optic  cup  is  bounded  on  the  -ide  toward  the  outer 
Liver  by  an  entirely  smooth  to  the  memhrana  limitan.- 

31 
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externa.  Then  there  appear  upon  the  latter  numerous,  small, 
lustrous  elevations,  which  have  been  secreted  by  the  outer  granules 
or  visual  cells.  The  elevations,  which  consist  of  a  protoplasmic 
substance  and  are  stained  red  in  carmine,  become  elongated  and 
acquire  the  form  of  the  inner  limb  of  the  retinal  element.  Finally 
there  is  formed  at  their  outer  ends  the  outer  limb,  which  }I.\x 
S<  IIULTZE  and  W.  MILLER  compare  to  a  cuticular  product,  on 
account  of  its  lamellate  structure. 

Inasmuch  as  the  rods  and  cones  of  the  retinal  cells  grow  out  in 
this  way  beyond  the  membrana  limitans  externa,  they  penetrate 
into  the  closely  applied  outer  lamella  of  the  optic  cup,  which  bet  < 
the  pigmented  epithelium  of  the  retina  (figs.  266,  267,  270  pi) ; 
their  outer  limbs  come  to  lie  in  minute  niches  of  the  large,  hexagonal 
pigment -cells,  so  that  the  individual  elements  are  separated  from 
one  another  by  pigmented  partitions. 

A  few  additional  words  concerning  the  connective  tissue  enveloping 
the  fundament  of  the  optic  cup.  It  acquires  here,  as  on  the  ciliary 
body  and  the  iris,  a  special,  and  for  this  region  characteristic,  stamp. 
It  is  differentiated  into  vascular  [choroid]  and  fibrous  [sclerotic] 
membranes,  which  in  Man  are  distinguishable  in  the  sixth  \\»«-k 
(KOLLIKER).  The  former  is  characterised  by  its  vascularity  at  an 
parly  period,  and  develops  on  the  side  toward  the  optic  cup  a  special 
laj-er,  provided  with  a  fine  network  of  capillary  vessels,  the  mem- 
brana choriocapillaris,  for  the  nourishment  of  the  pigment-layer  and 
the  layer  of  rods  and  cones,  which  have  no  blood-vessels  of  their 
own.  It  further  differs  from  the  ciliary  body  in  the  fact  that  at 
the  fundament  of  the  optic  cup  the  choroid  membrane  is  easily 
separable  from  the  adjoining  membranes  of  the  eye,  whereas  in  tin* 
ciliary  body  a  firm  union  exists  between  all  the  membranes. 

If  we  now  glance  back  at  the  processes  of  development  la>t 
described,  one  thing  will  appear  clear  to  us  from  this  short  sketch  : 
that  the  changes  in  the  form  of  the  secondary  optic  cup  are  of 
preeminent  importance  for  the  origin  of  the  individual  regions  oi 
eye.  Through  different  processes  of  growth,  which  have  n-n  "v.  d  a 
general  di.-russion  in  Chapter  IV.,  there  have  been  formed  in  the  cup 
three  distinct  portions.  By  means  of  an  increase  in  thick  i 
various  differentiations  of  the  numerous  cell-layers,  there  is  formed 
the  retina ;  by  an  increase  of  surface,  on  the  contrary,  is  produced 
••in  anterior,  thinner  part,  which  bounds  the  pupil  and  is  subdivided 
into  two  regions  by  the  formation  of  folds  in  the  vicinity  of  the  lens. 
From  the  folded  part,  which  joins  the  retina  at  the  ora  sei-rat  i,  is 
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the  epithelial  lining  «.f  i  .  in  tin-  tl. 

which  Mil-rounds  tin-  pupil  ami  \\liich  remain^  >mooth,  i  h«-  j 
t-j.it  helium  (avea)of  i  In-  iri>.    <  'on-e^uent  ly  t  hereure  now  to 
irui>hed  on  tin-  >ec,.nd;.!\  ..ptir  cup  tln.-o  regions,  as  retinal.  «-i 
:uul     iriilal     part>.        To    each    of     the.-.-    territories    the    <•' 
connect  i\e  t  i.-Mie,  ami  especially  \vhicli  liccomes  the  middle 

tunic  of  the  eye,  is  adapted  in  a  particular  manner;  here  it  furnishes 
the  connect  i\e  t  i->  IK-    plate   M!'   the    iii-    with 
lature.    there    the    ci>nm-cti\.  ••  .-\vi»rk    "t     the    ciliary    body 

i  he  ciliary  muscle,  ami  in  the  third  region  the  vax-ular  • 
\\itli  the  chorincapillaris  ami  lamina  t 

In  the  «l«-\el(ipnn-nt  of  t  he  optic  cup  there  arose  on  U  wall 

rare  (\\^.  .  which  marks  the  place  at   which  the  t'i 

ment  of  the  viti'eou.-  ho.ly  -rew  into  the   interior  of   the  cup.       V. 
is  the  ultimate  fate  of  this  lis^me,  whii-h  i>  u>ually  i-ef.-rre.l 
literal  iir.  •  M  choToidfistl 

It   is  for   a   time   easily   recc^ni-ahle.    after    j.  uis   been 

depo>ite,l  in  the  outer  lamella  of  the  opt  u-  cup.      It  then  appears  on 
the  lower  median  side  of  the  e\vhall  as  a  clear,  unpi^meute.l  gfa 
\\hich  reaclu  s  forward  from   tin-  entrance  of 
niaririn  of  the  pupil. 

The  -ruitl  ii»u  •   was 

at  a  time  when  tin-  formation  of  the  optic  cup  was  not  adequately  known, 

when  the  pigmented  i-pithrlium  was  still  <\Q&.    Therefore 

in  tlic  al)sciice  of  piiriiu-iit  vcball 

it  was  supposed  that  a  defect  of  the  choroidea—  a  chon 

.••'I. 


Th-  rwar.U  .li-a|.|n     |  I    ..    :     MIIV  ,,f   the  v\  • 

1  l.y  the  fu>i..n  of  I  and  the  deposit  imi  of  piirm.-nt   in  the 

raphe.      In    the   Chick    this  takes  place  on   the  ninth 

during  the  sixth  or  seventh  n 

In  still  another  r«->p«v!   i-  the  ch,.roid  fissure  noteworthy. 

Iu  many  \  '.  ilar 

].roce»  of  the  i-hor(»idea  j;ro  \VN  through    the  figure. 
into  the  vitreous   hody  and   t  here  forms  a  lamellar   projection,  which 
•  •Mends  from  the  optic  nerve  to  the  lens.      In  has  rece 

the  name  "  p.eeteii."  l>eeau>e  it  i>  f.-l  led  into  numerous  parallel  ridges. 
It  consist  >  almo>t  entir.ly  of  th.-  walls  of  blood-vessels,  which  are 
held  together  l»y  a  -mall  amount  of  a  black  pi^mented  c 

tilssike. 

In  ^lammals  such   a   growth   into  th.  ing 
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The  closure  of  the  choroid  fissure  takes  place  at  an  early  period  and 
completely. 

Occasionally  in  Man  the  normal  course  of  development  is  inter- 
rupted, so  that  the  margins  of  the  choroid  fissure  remain  apart.  The 
usual  consequence  of  this  is  a  defective  development  of  the  vascular 
tunic  of  the  eye  at  the  corresponding  place — an  indication  of  the 
extent  to  which  the  development  of  the  connective-tissue  envelope  is 
dependent  on  the  formative  processes  of  the  two  epithelial  layers,  as 
has  already  been  stated.  Both  retinal  and  choroidal  pigment  are 
therefore  wanting  along  a  streak  which  begins  at  the  optic  nerve,  so 
that  the  white  sclera  of  the  eye  shows  through  to  the  inside  and  can 
be  recognised  in  examinations  with  the  ophthalmoscope.  When  the 
defect  reaches  forward  to  the  margin  of  the  pupil,  a  fissure  is  formed 
in  the  iris  which  is  easily  recognised  upon  external  observation  of  the 
eye.  The  two  structures  resulting  from  this  interrupted  develop- 
ment are  distinguished  from  each  other  as  choroidal  and  iridal fissure* 
(coloboma  choroideae  and  coloboma  iridis). 


(d)  The   Development   of  the   Optic   Nerve. 

The   stalk  of  the  optic  vesicle  (fig.   272),  by  which  the  vesicle  is 
united   with  the  between-brain,  is  in  direct  connection  with  both 

lamellae  of  the  optic  cup,  the  primary 
optic  vesicle  having  been  infolded  from 
below  by  the  fundament  of  the  vitreous 
body  to  form  the  cup.  Its  dorsal  wall 
is  continuous  with  the  outer  lamella  or 
pigment-epithelium  of  the  retina  ;  its 
ventral  wall  is  prolonged  into  the  inner 
lamella,  which  becomes  the  retina. 
Thus,  aside  from  the  formation  of  the 
vitreous  body,  the  development  of  a 
choroid  fissure  also  has  a  significance 
in  view  of  the  persistence  of  the  direct 
connection  between  retina  and  optic 
nerve.  For  if  we  conceive  the  <>|>n< 
v«->icl«-  iiiva.L'inatc.l  merely  at  its  an- 
terior face  by  the  lens,  the  wall  of  the 
optic  nerve  would  be  continued  into 
the  outer,  uninvaginated  lamella  only;  direct  connection  with  the- 
retina  it-elf,  or  the  imaLrin.-iU'd  part,  would  be  wanting. 


Fig.  272.— Plastic  representation  of 
the  optic  cup  with  lens  and 
vitreous  body. 

al,  Outer  wall  of  the  cup;  ib,  its 
inner  wall ;  h,  space  between  the 
two  walla,  which  afterwards  en- 
tirely disappears ;  £/i,  fun<l;um-nt 
of  the  optic  uerve  (stalk  of  the 
optic  vehicle  with  groove-for- 
mation along  its  low* : 
aut,  choroid  fissure ;  yl,  vitreous 
body  ;  /,  lens. 


•i  in:   QBOAHI   09    i 

(  h-ii/mally  the   optic    QeTVC  \\iili.-iMiuill   lumen,  which 

unites  the  ca\itv  <>f  tin-  optic  vehicle  \\itlt  ill"  third  \.-ntriel, • 
Ui^r.  It  i-  gradually  converted  int..  :i  .-olid  cord,  h 

case  of  most  Vertebral  produced  -imply  by  a  thickening  of 

the    wall-   of   tin-   -talk.  due   t«.  cell  proliferat  ion.  until    th.-   . 
obliterated.     In   Mammal-  only  tin-  larger  p< .ri  i< .n,  t  hat  uhich  adjoins 
the  1. rain, is  metamorphosed  in  tin-  manner:  the  -mailer  part,  that 
which  i>  united  with  tin-  optic  \oidr,  i-,  on  tli*>  cont  rary.  intold. 
tin-   proloiiiration  of   tlic  choroi<l  fissure  backward    tor   -oiiif   di-tailCC, 
wh«'n-l»y  tlu«  vtMitral   wall  is  pressed  in  against  the   dor>al.     Con- 
>«•  tin  ntly  the  optic  nerve  here  assumes  the  form  of  a  groove,  in 
which  is  imbedded  a  connen  i\  «•  t  i»ur   cord   uith   a    Mood- vessel  that 
l>ecoiue>   the   arteria    centralis   retime.       Hyihe   ^rouin^   t<  _ 
the    edi^es    of    the   groove,    the   cord    at' I  ei'\\  ai'«U    1" 

enclo 

For  a  time  the  optic  nerve  consists  exc>ln>i\«-l\  «.t   -  pi  i  idle  -h  a  p.  -d. 
radially  arranged  cells  in  layers,  and  reseml>le>  in  iiv  jimM-  -M-IK  ture 
the  wall  of  the  brain  and  the  optic  ve-ide.      I  (id'ei-ont  \  iew>  are  held 
citmvniini:  its  further  metamorphoses,  anil   especially  concerniiiL' 
origin  of  nerve-til>re>  in  it.     Differences  >innlar  to  those  <•> 
the  origin  of  the  peripheral  ner\  .nv  maintained.       I  "pon  this 

point  three  theories  have  been  l.roui:lit  foruard. 

According  to  the  older  view,  which    LIKUKKKI  ir.  'he  optic 

tihresare  uevi'lopi'«l  in  loco  by  tho  elongation  of  tiie  >pindle--haped 
ivlls.     Accoidinu   to    His.  KOU.IKKK,  and   \V.    M  i:i.i.i:i:.  ..n  the  con- 
.  raiy,  tlie  wall   «»f  the  optic   \oicle   iurni>hes   tlie  >u-tentat  ive  i 
only,  whereas  the  nerve-fibres  grow  into  it  from  <  '/ her  from 

the  brain  toward  theretin"  (Hi-.  Koi.i  ;  K  1:1: ».  or 
M    1.1.1:1;).    The  stalk  of  the  optic  \  id  o>n>titute,  according 

to  thi>   view,  (inly   a  «juidin_  \vre  -w«»uld  preu 

mim  :-.i\vth.      When    the   ingrowth  has  taken  place. 

ihc  sn>;eniative  cells   an-,  as    K  -.•riho    them,   arranged 

radially    and    so    united    with    one   another    that    they    con- 
delicate    framework    with    lunirit  udinally   elongated    -paces.      In    the 
latter  ar-  :iie   snrill    luindles  of  Very    tine    non-nuclear  nerve- 

tihres  and  numeroii-  cells,  ai  i-anp-d  in  longitudinal  rows,  \\hieh 
likewise  l)eloii«;  to  the  epithelial  BQStentatiVQ  ti--ue  and  help  to 
complete  the  tre-tle-work. 

The  embryonic  optic  nerve  is  envelop, -d  in    a    connei ' 
.-heath,  which  is  .separated,  as  in  the  ca-e  of   the  brain  and  secondary 
optic    cup,    into    an    inner,    >oft .    \a-cular    and     an    outer   compact 
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fibrous  layer.  The  former,  or  the  pial  sheath,  unites  the  pia  mater 
of  the  brain  and  the  choroid  membrane  of  the  eye  ;  the  latter,  or  the 
dural  sheath,  is  a  continuation  of  the  dura  mater  and  at  the  eye- 
ball becomes  continuous  with  the  sclerotica.  Later  the  optic  nerve 
acquires  a  still  more  complicated  structure,  owing  to  the  fact  that 
vascular  processes  of  the  pial  sheath  grow  into  it  and  provide  the 
nerve-bundles  and  the  epithelial  sustentative  cells  belonging  to  them 
with  connective-tissue  investments. 

As  has  been  previously  stated,  the  direction  in  which  optic  fibres  grow  into 
the  stalk  of  the  optic  vesicle  is  still  a  subject  of  controversy.  His,  with  whom 
KOLLIKER  is  in  agreement,  maintains  that  they  grow  out  from  groups  of  gang- 
lionic  cells  (thalamus  opticus,  corpora  quadrigemina),  and  are  only  secondarily 
distributed  in  the  retina.  He  supports  his  view  on  the  one  hand  by  the  agree- 
ment in  this  particular  which  exists  with  the  development  of  the  remaining 
peripheral  nerves,  and  on  the  other  by  the  circumstance  that  the  nerve-fibres 
are  first  distinctly  recognisable  in  the  vicinity  of  the  brain. 

W.  MtJLLEB,  on  the  contrary,  believes  that  the  outgrowth  takes  place  in  the 
opposite  direction ;  he  maintains  that  the  nerve-fibres  arise  as  prolongations  of 
the  ganglionic  cells  located  in  the  retina,  and  that  they  enter  into  union  with 
the  central  nervous  apparatus  only  secondarily.  He  is  strengthened  in  his 
opinion  by  the  conditions  in  Petromyzon,  which  he  declares  to  be  one  of  the 
most  valuable  objects  for  the  solution  of  the  controversy  concerning  the  origin 
of  the  optic  nerve.  I  refer,  moreover,  in  connection  with  this  controversy,  to 
the  section  which  treats  of  the  development  of  the  peripheral  nervous  system 
(p.  452). 

(e)  The  Development  of  the  Accessory  Apparatus  of  the  Eye. 

There  are  associated  with  the  eyeball  auxiliary  apparatus,  which 
serve  in  different  ways  for  the  protection  of  the  cornea  :  the  eyelids 
with  the  Meibomian  glands  and  the  eyelashes,  the  lachrymal  glands 
and  the  lachrymal  ducts. 

The  eyelids,  the  upper  and  under,  are  developed  at  an  early  period 
by  the  formation,  at  some  distance  from  the  margin  of  the  cornea,  of 
two  folds  of  the  skin,  which  protrude  beyond  the  surface.  The  folds 
grow  over  the  cornea  from  above  and  below  until  their  edges  meet 
and  thus  produce  in  front  of  the  eyeball  the  conjunctival  sac,  which 
opens  out  through  the  fissure  between  the  lids.  The  sac  derives  its 
name  from  the  fact  that  the  innermost  layer  of  the  lid-fold,  which  is 
reflected  on  to  the  anterior  surface  of  the  eyeball  at  the  fornix  con- 
junctivas, is  of  the  nature  of  a  mucous  membrane,  and  is  designated 
as  the  conjunctiva,  or  connecting  membrane,  of  the  eye. 

In  many  Mammals  and  likewise  in  Man  there  is  during  embryonic 
life  a  temporary  closure  of  the  conjunctival  sac.  The  edges  of  the  lids 
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become  united  throughout  their  whole  extent,  their  epithelial  invest- 
ments fusing  with  each  other.  In  Man  the  concrescence  begins  in 
the  third  month,  and  usually  undergoes  retrogression  a  short  time 
before  birth.  But  in  many  Reptiles  (Snakes)  the  closure  is  perma- 
nent. Thus  a  thin  transparent  membrane  is  formed  in  front  of  the 
cornea. 

In  Man  during  the  concrescence  of  the  eyelids  there  are  developed 
at  their  margins  the  Meibomian  glands.  The  cells  of  the  rete 
Malpighii  begin  to  proliferate  and  to  send  into  the  middle  connective- 
tissue  plate  of  the  eyelid  solid  rods,  which  afterwards  become  covered 
with  lateral  buds.  The  glands,  at  first  entirely  solid,  acquire  a 
lumen  by  the  fatty  degeneration  and  dissolution  of  the  axial  cells. 

At  about  the  time  of  the  development  of  the  Meibomian  glands, 
the  formation  of  the  eyelashes  takes  place;  this  corresponds  with  the 
development  of  the  ordinary  hair,  and  therefore  will  be  considered 
along  with  the  latter  in  a  subsequent  section  of  this  chapter. 

In  most  of  the  Vertebrates  there  is  associated  with  the  upper 
and  under  lids  still  a  third,  the  nictitatimj  metnbrand  or  membrana 
nictitans,  which  is  formed  at  the  inner  [median]  side  of  the  ey«  ae 
a  vertical  fold  of  the  conjunctiva.  In  Man  it  is  present  only  in  a 
rudimentary  condition  as  plica  semilunaris.  A  number  of  small 
glands  which  are  developed  in  it  produce  a  small  reddish  noilule, 
the  caruncula  lacrymalis. 

The  lachrymal  gland  is  an  additional  auxiliary  organ  of  the  eye, 
which  is  destined  to  keep  the  sac  of  the  conjunctiva  moist  and  the 
anterior  surface  of  the  cornea  clean.  In  Man  it  is  developed  in  the 
third  month  through  the  formation  of  buds  from  the  epithelium  of 
the  conjunctival  sac  on  the  outer  side  of  the  eye,  at  the  place  where 
the  conjunctiva  of  the  upper  lid  is  continuous  with  that  of  the  eye- 
l-all.  The  buds  form  numerous  branches,  and  are  at  first  solid,  like 
the  Meibomian  glands,  but  gradually  become  hollow,  the  cavity 
IM -Binning  with  the  chief  outlet  and  extending  toward  the  finer 
branches. 

A  special  efferent  lachrymal  apparatus,  which  leads  from  the  inner 
anirle  of  the  eye  into  the  nasal  cavity,  has  been  developed  for  the 
removal  of  the  secretions  of  the  various  glands  collected  in  the 
conjunctival  sac,  but  particularly  the  lachrymal  fluid.  Such  an 
>4>l>:iratus  is  present  in  all  classes  of  Vertebrates  from  the  Amphibia 
u  [i  ward;  its  development  has  been  especially  investigated  by  BORN  in. 
•  ics  of  research*  >. 

Jn  the  Amphibia  it  begins  to  be  formed  at  the  time  the  proces 
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nhondrification  becomes  observable  in  the  membranous  nasal  capsule. 
At  that  time  the  mucous  layer  of  the  epidermis,  along  a  line  that 
extends  from  the  median  side  of  the  eye  directly  to  the  nasal  cavity, 
undergoes  proliferation  and  sinks  into  the  underlying  connective- 
tissue  layer  as  a  solid  ridge.  Then  from  the  nose  to  the  eye  the 
ridge  becomes  constricted  off,  subsequently  acquires  a  lumen,  whereby 
it  is  converted  into  a  canal  lined  with  epithelium,  and  opens  out  into 
the  nasal  cavity.  Toward  the  eye-end  the  canal  is  divided  into  two 
tubules,  which  at  the  time  of  detachment  from  the  epidermis  remain 
in  connection  with  the  conjunctival  sac  and  suck  up  out  of  it  the 
lachrymal  fluid. 

In  Birds  and  Mammals,  including  Man  (fig.  273),  the  place  *.vheiv 
the  lachrymal  duct  is  located  is  early  marked  externally  by  a  furrow 

which  runs  from  the  inner  angle  of 
the  eye  to  the  nasal  chamber.  By 
means  of  this  furrow  two  ridges,  which 
play  an  important  part  in  the  for- 
mation of  the  face, — the  maxillary 
process  and  the  outer  nasal  process, 
— are  sharply  marked  off  from  each 
other;  these  will  engage  our  atten- 
tion later.  According  to  COSTE  and 
KOLLIKER  the  lachrymal  duct  arises 
^  tbe  simP'e  approximation  and  con- 

CTCSCence  of  the  edges  of   the  lachn/iiial 

aroove.  These  older  conclusions  l,.,v, 
been  contradicted  by  BORN  and  LEGAL, 
one  of  whom  has  investigated  Reptiles  and  Birds,  the  other  Mammals. 
According  to  them  there  arises,  in  nearly  the  same  manner  as  in 
Amphibia,  through  proliferation  of  the  mucous  epithelium,  at  the 
bottom  of  the  lachrymal  groove  an  epithelial  ridge,  which  becomes 
detached  but  is  not  converted  into  a  canal  until  a  rather  late  period 
When  we  raise  the  question,  how  phylogenetically  the  lachrymal 
duct  may  have  first  originated,  we  shall  doubtless  find  that  it 
been  derived  from  a  groove,  by  means  of  which  the  sac  of  the  con- 
junctiva and  the  nasal  chamber  are  first  put  into  connection.  Wlu-n. 
therefore,  we  see  the  lachrymal  duct  established  from  the  very  begin- 
ning simply  as  a  solid  ridge,  as  for  example  in  the  Amphibia,  wo 
must  call  to  mind  how  in  other  ca-<>>  :il>t»  originally  groove-like 
fundaments,  such  as  the  medullary  furrow,  make  their  appearance, 
under  special  circumstances,  as  solid  i  i 


mi  -jv.  i 

all\,  as  far  as  regard 

>ile  to  tli 

from 

the  0] 

lial  ridge  expun <U  at   di  :le  of  the  eye.  and  becomes  di\ 

.  so  that  both  :u  aent. 


MM  LET, 
1.    i  .1  \\.ilN  of  the  j»rii:  >rain  vesicle  are  evaginated 

to  t'unii  tin-  optic   \ 

_     lii'  lain  united  by  means  of  a  stalk,   the 

futmv   optic   nerve,  with  thai    part  of  tin*  primary  fore 
which  become-,  tli<-  bet  ween  brain. 

3.  Tlie  optic  vcsid"  •••«!   into  the 

imagination  of   its  lateral  ami  lo\\er  walls   by  laments  <  !' 

MS  hody. 

I.  At  the  place  where  the  lateral  wall  of  th 
inters  the  outer  ^erni-layer,  the  latter  becom* 

<lrpiv>-i  (1  int  •  a  pit .  and  finally  C  ••<!  off  as  a 

tor  wall  "f  tli"  1.-.  into 

.  those  of  the  anterior  wall  become  the  lens -epitlu-1: 
'{'he   fundament  of  the  lens  is  enveloped  a' 

principal  growth  l«ya  vasculai-cap>;'.li-  (tu 
dfl  ei  it  in  -ly  disappc'a 

7.  The  membrana  cap-ulo  pupill,  the 
tunica  va>culo>a  lent  is  and  lies  iK-hind  the  pupil. 

8.  The  development  of  the   \  ly   causes    the    ch< 

i!  e. 

9.  The  optic  cup  has  double  walls  ;  it  consi  i  an 
i-  epithelium,  which  are  continu-'ii^  \\ith  each  other  at  the  open- 
of   the   cup,    which    embraces   the   lens,   and   at    the 

10.  Me-enrhymatir  cells  from  th.-  grow  in  between 
lens  and                                      *.pplied  e;  •>»  form  the  cornea 
and    DxsCBMET^fi   momhram-.   tiie  la              -.g  separated  from  the 

tunica    \asculosa    lentis    by  a    li->ure.    tli- 
eye. 

II.  The  optic  cup  i>  diti'eiei.t ;  liin 
the  territory  of  which  its  inner  layer  becomes  tl: 

-:itute>  the  retina,  and  an  anterior  portion,  which  begins  at  the  ora 
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serrata,  becomes  very  much  reduced  in  thickness,  and  extends  over 
the  front  surface  of  the  lens,  growing  into  the  anterior  chamber  of 
the  eye  until  the  originally  wide  opening  of  the  cup  is  reduced  to  the 
.-i/.e  of  the  pupil. 

12.  The  anterior  attenuated  portion  of  the  cup  is,  in  turn,  divided 
into  two  zones,  of  which  the  posterior  becomes  folded  at  the  periphery 
of  the  equator  of  the  lens  to  form  the  ciliary  processes,  whereas  in 
front   it   remains   smooth ;   so  that  in  the  whole  cup   three   part.-* 
may  now  be  distinguished,  as  retina,  pars  ciliaris,  and  pars  iridif* 
retinae. 

1 3.  Corresponding  to  the  three  portions  of  the  epithelial  optic  cupy 
the  adjoining  connective -tissue  envelope  takes  on  somewhat  different 
conditions  as  the  choroid  proper,  and  as  the  connective-tissue  frame- 
work of  the  ciliary  body  and  that  of  the  iris. 

14.  The  skin  surrounding  the  cornea  becomes  infolded  to  form  the 
upper  and  lower  eyelids  and  the  nictitating  membrane,  of  which  the 
last  is  rudimentary  in  Man,  persisting  only  as  the  plica  semilunaris. 

15.  The  epithelial  layers  of  the  edges  of  the  two   eyelids  grow 
together  in  the  last  months  of  development,  but  become  separated 
again  before  birth. 

16.  The  lachrymal  groove  in    Mammals  passes  from  the   inner 
anjrle  of  the  eye,  between  the  maxillary  and  outer  nasal  processes,, 
to  the  nasal  chamber. 

17.  The  lachrymal  duct  for  carrying  away  the  lachrymal  fluid  is 
formed  by  the  downgrowth  and  constricting  off  of  an  epithelial  ridge 
from   the   bottom   of   the   lachrymal   groove,   the   ridge    becoming 
hollow. 

18.  The  two  lachrymal  tubules  are  developed  by  the  division  of  tin 
epithelial  ridge  at  the  angle  of  the  eye. 


B.  The  Development  of  the  Organ  of  Hearing. 

In  the  case  of  the  ear  numerous  parts  of  quite  different  origin 
ui  i  it  I*,  in  much  the  same  manner  as  in  the  case  of  the  eye,  to  form  a 
Miiglo  very  complicated  apparatus;  of  these,  too,  it  is  the  portion. 
to  wl i i<-h  the  auditory  nerve  is  distributed — the  membranous  labyrinth 
with  its  auditory  epithelium — that  is  by  far  tin-  most  important,  out- 
Mi  ipping  as  it  does  all  the  remaining  j'.-n-t-  in  its  development:  it 
must  consequently  be  considered  !ir>t. 


Tin:   ..i:«;\xa   OF    mi:   01  IKK   «,KIC.M  LATEH 
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Tin-  memhranmix    I 

.  layer.       H..\\.  \er    _M.  ;||     is,— a 

complication     that      :  me     l:th\: 

fundament  i>  exceedingly  simple.     It  arises  on  tin-  d«.r>al  Mil-fare  of 

tin*  emhr\o  in  tin-  NgiOD  of  t  In-  medulla  ohlnn. 

thelir-t    \  i-.  •  I  •:.!  cleft    all- 1   I  In-  Ht  taelnin-nt    i»t'the>.-  vral  arch 

(ti^r.  L'7  1  al»o\e   the    mi  Here   . 

outer    ^'erin-laver    Uvoine-    thickened    ar  a    into  an 

pit.      This  process   ran  )•«•  trao-1    \<M-\   fa>ily  in    the  .-ii: 
Chick    on    and   at't.-r   tin-   md    oi    ih--   B600IUJ    day  ..f    ii 
in  tin-  «-inl)i-yo  Rabbit  tit'i- 

•  1«1.  Th'-  :nnlii«»r\  n»  i-\-»» 
makes  it>  way  from  tln>  hraii:. 
near  at  hand,  to  tin-  t'mnlu.- 
of  the  pit,  \\licreit  terminal.  > 
in  a  ganglionic  «  nlar^oin.-nt . 

Tin-  IJony  Kisht-s  al..i. 
liiliit   a   il«-\iati«;n  from 
n  unlit  ion>.    Just  as  the  r> 
nervous  s}'stem  was  in   their 
case  formed  not  as  a  tuhe.  hut 

Milid   Ixxly.   and   tl 
not     as    a     Ve-irle.     hut 
epitliflial   hall.  SO  WO   8C'i 
that-    in>tead    of    an    audit* 
pit  then  .  n> 

of  the  proliferation  of  the  id  epithelial   j 

This,  like  the  brain-tubr   and   tin-  eye-vesicle,  acquire-  :;n    internal 
c-luuuher  : 

The  next  stage  shows  the  pit   CMii\eiied  int.. 
hi  the  Chick   this  take-   place    in   the  course  of  tin-  third  -i 
inva^inati.'n  of  the  outer  germ-layer  grows  deeper  and  d.  ep  r.  ami 
l.y  tho  approximation  of  itfl  margins  becomes  pear-shaped  ;  >oon  the 
connection  wit  h  the  outer  germ  layer  becomes  entirely  lost,  as  is  sh 
l>v  a  s«H-tii«n  tliroui:h  the  h.  -iieep  (fig.  275  Ib). 

In  nearl\   all   Vei t.-hrates  the  auditory  vesicle  is  constricted  off 

tVolll     tile     e, Model-Ill      ill     the      -allie     ll.  I'lie     Selaclliall-     a! 

ption  :    here  th«-  auditory  \e>ii-le  which  is  metamorphosed  into  the 
laltyrinth  retains  pern.  'inection   with  the  surface  oi 


Tig.  274.     Head  of  a  human  embryo  75  mm.  long, 
nock  measurement.  'Menachlicbr 

K'nl'l  '.  i  -lu-li.' 

-siele  lie*  above  the  fint  ruoerai 

In  tin-  iit,nmf«-r»?uee  of  the  visceral 

there  are  to  be  teen  six  eleraiiona,  de- 

rifMted  t.%  wu  •  ihtfk  a  vft    h  fcbi  • 
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body  in  the  form  of  a  long  narrow  tube,  which  traverses  the  cartila- 
ginous primordial  cranium  and  is  in  union  dorsally  with  the  epidermis 
at  the  surface  of  the  body,  where  it  possesses  an  external  opening. 

In  its  first  fundament  the  organ  of  hearing  in  Vertebrates  resembles 
in  the  highest  degree  those  structures  which  in  the  Invertebrates  are 
interpreted  as  organs  of  hearing.  These  are  lymph -filled  vesicles  lying 
under  the  skin,  which  are  likewise  developed  out  of  the  epidermis. 
Either  they  are  wholly  constricted  off  from  the  epidermis,  or 
they  remain  connected  with  it  by  means  of  a  long,  ciliate,  epithelial 
canal,  as  in  the  Cephalopods.  even  after  they  have  become  surrounded 

by  connective  tissue.  In  both 
cases  the  vesicles  are  lined 
with  epithelium  which  con 
sists  of  two  kinds  of  cell  . 
iirst  of  low,  flat  elements, 
which  ordinarily  exhibit  ciliary 
movements  and  thereby  put 
in  motion  the  fluid  within  the 
vesicle,  and  secondly  of  longer 
cylindrical,  or  thread-like,  au- 
ditory cells  with  stiff  hairs. 
which  project  into  the  endo- 
lymph.  The  auditory  cells  are 
either  distributed  individually 
over  the  inner  surface  of  the 
auditory  vesicle  or  arranged 
in  groups,  or  they  are  united 
at  a  particular  place  into  an 
auditory  epithelium, — the  au- 
ditory patch  (macula  acustica) 
or  the  auditory  ridge  (crista  acustica), — which  may  be  either  single 
or  double.  To  all  the  auditory  vesicles  of  the  Invertebrates  there 
is  sent,  moreover,  a  nerve  which  ends  at  the  sensory  cells  in  fine 
fibrillje.  Finally,  there  is  present  as  a  characteristic  structure  a 
firm,  crystalline  body,  the  otolith,  which  is  suspended  in  the  midst 
of  the  endolymph  and  is  ordinarily  set  in  vibration  by  the  motion 
of  the  cilia.  It  consists  of  crystals  of  phosphate  or  carbonate  ol 
lime. 

Sometimes  there  is  only  a  single  large,  in  most  cases  concentric  ally 

laminated,  spherical  body,  sometimes  a   number  of  small  calcareous 

tals,  which  are  held  together  by  im-  in-  <>t'  a  soft  pulpy  substance, 


Tig.  275.— Vertical  [cross]  section  through  the 
vesicle  of  the  labyrinth  of  an  embryo  Sheep 
1-3  cm.  long,  after  BOETTCHER.  Magnified  30 
diameters. 

»h,  Wall  of  the  af  ter-brain ;  rl,  recessus  labyrinthi ; 
lb,  vesicle  of  the  labyrinth  ;  yc,  ganglion  coch- 
leare, which  is  in  contact  with  a  part  of  the 
labyrinth-vesicle  (dc)  that  grows  out  into  the 
ductus  cochlearis. 
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It     1.x     dltlicult       to     tollou       tin 

ease,  which  i-'.,i. 

developed  1>N    an  epithelial    cell    in    the    wall    of    the  vehicle.       The 

ma  11   calcareous  ism>   becomes 

enlarged    in    Consequence,    and 

'•ndolymph.       \\'hen  it    ha-    hecoi  in-a\i!y    loaded    \\  . 

>alts.  it    i^   c..nne«-ted  with  the  wall   l.\  means  of  a  stalk   . 

linai;  Mies    entiielv    deta.  the    wall  ai.d  fall 

cavity  of  th*-  ve-icle.  in 
which    it    i-    k. 
in^  and   rotating  1 
ciliate  cell.-. 

In    Vertebrates    th.» 
otocyst,    which,    as    wo 
have  .-oen.  airives   in    its 
fundament      with 
tiie     orpin     of     he. 
in  Invertel.raie-    is  con- 
'1  into  a  very  com- 
plicated structure. — the 

membranous  labyrinth, 

the  evolution  of  which 

I  -hall  de- 
some    detail. 
metal 

in     which     tli-- 
of  ftilil* 

•  *     pla\-     the 
principal  1 

The  audit nr\    -a.-  d. 
taehed     from      the     ej.i 
dermi.-.  and  lyin-  at  the 
side  of   the  aft  er  I  .rain,  so<  m   e\!.  -ally  directed  pi 

jectioll.   !  i 

Prohahly  we    have   to  do    in   thi-   with   the   n-min 
stalk  hy  mean-  of  which  the  auditory  vehicle  was  connected  witl. 
t-pitlcriiii.x.      AccordiiiLf    t<>  Minn-   iii\-  .   on    the   , 

.-talk    «lixappe:irs  entirely   and   thi-  e\  a-inat  i.  .n    is  a  new  strut" ' 
The  lir.-t  a-sumption  i^  t  a  vorcd  especially  hy  the  pn-viin;  '>neil 

condition   in   the    Selachians—  tlu.   presence  of  a  long  tube,  which 
maintains  a  permanent  connection  l>etwe.-n  lahyri:. 


in 

M-ril»u 

It 


n 
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Fig.  TO. -Membranous  labyrinth  of  the  left  side  of  a 
[human]  embryo,  afU-r  fci 

hlearis ;  A&,  pocket 
;  liur  canal  U  formed; 

an>i  *  com- 

Mmkftnolar 

canals  are  dev«  i  1,0),  enlargement  of  the 

i  of  the  an- 
t  ical  canal  arisra.  An  opening  (o)  has  been 

raoestus  labyrinthi.     •  Region  of  the   jiuckct    - 

becomes  the  common  arm  of  the  two  vertical  • 

:  he  common  pocket  •• 
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Later  this  appendage  of  the  labyrinth  (figs.  276-9  rl)  grows  out 
dorsally  to  a  great  length,  during  which  its  walls  come  into  close 
contact  with  each  other,  excepting  at  the  blind  end,  which  is  enlarged 
into  a  small  sac  (fig.  279  rl  *). 

Meanwhile  the  auditory  sac  itself  (figs.  275-7)  begins  to  be 
elongated  and  to  be  formed  into  a  ventral  ly  directed  conical  process 
(dc),  the  first  fundament  of  the  ductus  cochlearis,  which  is  curved  inward 
a  little  toward  the  brain  (fig.  277  nh),  and  the  concave  side  of  which 


Tig.  277.— Cross  section  through  the  head  of  a  Sheep  embryo  16  cm.  long,  in  the  region  of  the 
labyrinth-sac.  On  the  right  side  is  represented  a  section  which  passes  through  the  middle 
of  the  sac  ;  on  the  left,  one  that  is  situated  somewhat  farther  forward.  After  BOETTCHEK. 

/oi,  Auditory  nerve ;  vb,  vertical  semicircular  canal ;  gc,  ganglion  cochleare  (spirale) ;  dc,  ductus 
cochlearis ;  /,  inward-projecting  fold,  whereby  the  sac  of  the  labyrinth  is  divided  into 
utriculus  and  sacculus ;  rl,  recessua  labyrinthi ;  iih,  after-brain. 

lies  in  close  contact  with  the  previously  mentioned  ganglionic  enlarge- 
ment (yc)  of  the  auditory  nerve  (hn). 

It  will  be  serviceable  in  the  following  description  if  we  now 
distinguish  an  upper  and  a  lower  division  of  the  labyrinth.  They  are 
not  yet,  it  is  true,  distinctly  delimited  from  each  other,  but  in  l;it«  i 
stages  they  become  more  sharply  separated  by  an  inward-projecting 
fold  (figs.  277-9/). 

The  upper  part  (pars  superior)  furnishes  the  ////-AV////X  <n«l  the 
semicircular  canals.  Of  the  latter  the  two  vertical  canals  uii^  tir>(, 
the  horizontal  canal  being  fonm-d  later.  The  method  of  thrir 


mi:   OK..A.NS   • 


.  ascertained  l>y  t i,. 

has    .still  further    elucidited     the    1  lit  ejVst  \ng  pro- 

cesses    l'\     the    construction  "t     \\ax     in                      'he    coiri 
niialian  einliryos. 

to  be  seen  from  the  -till 

••111     I  he    model    (Ii. 
-eiincircnlar  canal-  an-  .levelop  d  hy  the  ] 

of  i  he  wall  of  the   sac,  \\hiih    have   tin-  form  "f  thin  p«,/ke 

\\ith   a 

>emicircultr    outline.  ^^^^ 

The  marginal  p,n  • 

.  Mich  exairina- 
tion  now  Incomes 
con  sid  e  ra  hi  \  en- 
larged, whereas  the 
remaining  portions 

of   the  t\\o  epithelial 
layers  cMine  into  close 


contact  ami  I't-^iii  to 
t'uso.  A^  th.-  n->uli 
of  thi-  .simple  process 
— the  enlargement  ai 

tin-  margin  and  tin- 
fusion  of  the  walls 
which  takes  place  in 
thf  middle — there  is 


Fig.  278.     Cross  section  through  half  of  the  head  of  a  foetal 
,  •    .  Sheep  2  cm.  long,   in  the  region  of  the  labyrinth,  afirr 

'  ttnali  wh«'1'  oomnm-  Iiri,  2£ifcna2«.Ii«. 

nirates  at    t  WO   places  Heoesros  labjrrinthi ;  T&,  kb,  Tertical  and  horia>nUl  aeini- 

...  ,  ir  canals;   T,  ut  i  ioultu;  /.  inward-projecting  fold. 

with       the       Original  Juaand 

by  Of    the    \eMcle.  ««u'  -;  pc,  ganglion  cochl«»r«. 

\t    one   of    it>    open 

the    canal    i-    early    •  • 

and   <int).      The   middle   part,   in    \\hich    t 

.soon  «li.sapprars.  the  epithelial  n..  'neiii^r  ln\>k«-n  tin- 

growth  of  the  c(.nnecti\e  t 

There  exists  an  interesting  ditl'erem-e   hetween  the.l  \el«,pmentof 
the  horizontal  and    the    tWO    v.-i  I  ieal  canal-,  \\hich   wa-  ••«!  by 

KHMSK.      \\"heieas    the    hori/ontal    canal    is  e-tai  a    small 

pocket   l»y  itself  i  'I  canals  ai*ise  to<j> 

•'.'ket-liki'   •' 
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The  walls  of  this  large  pocket  come  into  contact  with  each  other  and 
fuse  at  two  different  places.  At  one  of  them  there  has  already 
been  formed,  in  the  preparation  from  which  this  model  (fig.  276)  was 
constructed,  an  opening  (o)  by  the  resorption  of  the  fused  epithelial 
areas,  whereas  at  the  second  place  (vb1)  the  epithelial  membrane  is 
still  preserved.  Between  the  fused  parts  of  the  pocket  there  remains 
open  a  middle  region,  which  is  indicated  in  the  model  by  an  asterisk. 


Fig.  279.— View  produced  by  combination  from  two  cross  sections  through  the  labyrinth  of  a 

Sheep  embryo  2-8  cm.  long,  after  BOETTCHER. 
1 1,  Recessus  labyrinth! ;  rl*,  its  flask-like  enlargement ;  rb,  hb,  vertical  and  horizontal  canals ; 

U,  utriculus  ;  S,  saccnlus ;  /,  fold  by  means  of  which  the  labyrinth  is  divided  into  sacculus 

and  utriculus ;  cr,  canalis  reunions ;  dc,  ductus  cochlearis ;  kk,  cartilaginous  capsule  of  the 

cochlea ;  sp,  sinus  petrosus  inferior. 

and  this  becomes  the  common  arm  (sinus  superior)  of  the  two  vertical 
canals.  Thus  embryology  furnishes  for  this  peculiarity,  too,  a  simple 
satisfactory  explanation. 

That  which  remains  of  the  upper  portion  of  the  auditory  vesicle, 
after  the  semicircular  canals  have  grown  forth  from  its  wall,  is 
called  the  utriculus  (figs.  278-80  U). 

Meanwhile  no  less  significant  and  fundamental  alterations  take 
place  in  the  lower  part  of  the  auditory  sac  and  lead  to  the  formation 
of  sacculus  and  ductus  ccchlearis. 


THE  ORGANS  OF  THE  OUTER  GERM-LAYER. 
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Ly  a  continually  deepening  constriction  (fig.  279  /)  the  lower 
portion  (S)  is  delimited  from  the  utriculus  (U),  and  finally 
remains  connected  with  it  by  a  very  narrow  tubule  only  (canalis 
utriculo-saccularis — figs.  280  I?  and  282  2).  Since  the  constriction 
affects  exactly  that  place  of  the  labyrinth-sac  from  which  the 
recessus  labyrinth!  arises,  the  opening  of  the  latter  subsequently 
comes  to  lie  within  the  territory  of  the  canalis  utriculo-saccularis,  at 
about  its  middle  (figs.  280  /?  and  282  2).  In  this  manner  there  is 
produced  an  appearance  as  though  the  recessus  labyrinth!  were  split 
at  its  beginning  into  two  narrow  tubules,  one  of  which  leads  into  the 
sacculus,  the  other  into  the  utriculus. 

By  a  second  deep  constriction  (figs.  279,  280.  282)  the  sacculus 
(S)  is  separated  from  the  developing  duct  us  cochlearis  (dc\     Here 
also     a     connection      is 
maintained     by     means 
of    an     extraordinarily 
fine    connecting   tubule 
only  (o-).  which   I !  i 
discovered    and   lias   de- 
scribed    as    canalis    re- 
unien*.         The     duct  us 
cochlearis       itself      in- 
creases    greatly     in 
length,  and  at  tin-  same 
time  begins  to  be  rolled 
up    in    .spiral    turns    in 
the  soft,  enveloping,  em- 
bryonic connective  tissue,  until  in  Man  it  describes  two  and  a  half 
turns   (figs.   280  C  and   282   Con).       Since   the  first   whorl  is  the 
largest,  and  the  others  are  successively  narrower,  it  acquires  a  great 
resemblance  to  a  snail-shell. 

The  alterations  in  the  external  form  of  the  vesicle  are  accompanied 
by  changes  in  the  nature  of  its  epithelium  also.  This  is  separated 
into  the  indifferent  epithelial  cells,  which  simply  serve  as  a  lining, 
and  the  real  auditory  cells.  The  former  are  flattened,  becoming 
cubical  or  scale-like,  and  cover  the  greater  part  of  the  inner  surface 
of  the  semicircular  canals,  the  sacculus,  the  utriculus,  the  recessus 
labyrinth!,  and  the  ductus  cochlearis.  The  auditory  cells,  on  the 
contrary,  are  elongated,  become  cylindrical  or  spindle-shaped,  and 
acquire  at  the  free  surface  hairs,  which  project  into  the  endolymph. 
Uy  the  separation  of  the  vesicle  into  its  various  divisions  the 

32 


Fig.  280.— Diagram  to  illustrate  the  ultimate  condition  of 
the  membranous  labyrinth  [after  WALDEVER], 

r,  Utricnlus ;  -S',  sacculus;  6V,  canulis  reunions;  K,  recessua 
lal>yrinthi;  C,  cochlea;  A',  hliivi  sac  of  the  cupola; 
V,  ve.-til>'il:tr  b'iii'l  sac  of  the  ductus  cochlearis. 


498  EMBRYOLOGY. 

auditory  epithelium  is  distributed  into  an  equal  number  of  separate 
patches,  to  which  then  the  auditory  nerve  is  distributed.  Ac- 
cordingly the  auditory  epithelium  is  resolved  into  a  macula  acustica 
in  the  sacculus  and  another  in  the  utriculus,  into  a  crista  acustica 
in  each  of  the  ampullae  of  the  semicircular  canals,  and  into  an 
especially  complicated  termination  in  the  ductus  cochlearis.  Here 
the  auditory  epithelium  grows  out  into  a  long  spiral  band,  which  is 
known  under  the  name  of  CORTI'S  organ. 

Upon  the  separation  of  the  auditory  epithelium  into  macula-, 
cristae,  and  organ  of  CORTI,  the  originally  single  auditory  nerve 
distributed  to  the  auditory  vesicle  is  likewise  resolved  into  separate 
branches.  We  distinguish  in  the  case  of  the  auditory  nerve  the 
nervus  vestibuli,  which  is  in  turn  divided  into  numerous  branches 
distributed  to  the  maculae  and  cristae,  and  the  nervus  cochlea. 

The  originally  single  ganglion  acusticum  belonging  to  the  auditory 
nerve  also  becomes  differentiated  into  two  separate  portions.  The 
portion  belonging  to  the  nervus  vestibuli  is  in  the  adult  located  in 
the  internal  auditory  meatus  far  from  the  terminal  distribution, 
forming  here  the  well-known  intumescentia  gangliformis  Scarpae ; 
the  portion  belonging  to  the  nervus  cochleae,  on  the  contrary, 
adjoins  the  terminal  distribution  of  the  nerve.  In  the  embryo  it 
(figs.  277,  278  gc)  is  closely  united  with  the  fundament  of  the  ductus 
cochlearis,  and  as  the  latter  increases  in  size  grows  out  to  the 
same  extent  in  the  form  of  a  thin  band,  which  reaches  to  the  blind 
end  of  the  ductus  and  is  known  under  the  name  of  ganglion  spirale 
(fig.  283  gap). 

4b)  Development   of  the   Membranous    Ear-Capsule    into   the    Bony 
Labyrinth  and  the  Perilymphatic  Spaces. 

All  of  the  changes  which  have  been  mentioned  hitherto  have 
proceeded  from  the  epithelial  vesicle  which  was  constricted  off  from 
the  outer  germ-layer.  It  is  now  my  purpose  to  direct  attention  to  a 
series  of  processes  which  take  place  around  the  epithelial  cavities,  in 
the  mesenchyme  in  which  they  are  imbedded.  The  processes  lead 
to  the  formation  of  the  bony  labyrinth,  the  perilymphatic  spaces 
and  soft  connective-tissue  layers,  which  are  intimately  joined  to  the 
1'un-ly  epithelial  structures  hitherto  treated  of,  and  with  the  latter 
are  embraced  in  descriptive  anatomy  under  the  name  of  membranous 
labyrinth.  Changes  take  place  here  similar  to  those  in  the  develop- 
ment of  the  neural  tube  and  of  the  eye.  in  which  cases  also  the  connec- 
t  issue  surroundings  are  modified  in  a  special  manner  ami  with 
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he  epithelial  ]•  ui -.     in  tin-  pi. 

produc.  .1  Mm  e   with   lli 

former  cases,  as  has  already  .;.•,!,, ml 

al..l    ..th. 

•   comparison   may  be  cairi.d    i  Is.      The    j 

from  the  primitive  an  litory  vesicle  are  at  first  surrounded  by  a 
\  .iM-ular  n.nij.  et  i v -t i— ne  layer,  as  the  neural  t  uhe  ami  tin*  epit ! 
optir  cup  .i!-.    Ho  the   pit    in.-  •!•  -I   '..     brain  pom  pondi  the 
•Mar    inemlirane   of   tlio  eye  and  the  soft  ear-capsule,  or  the 
connect  ive  ti— ue    wall   <>f   tin-    m«'ml>ranou>    lal.s  rint  h.      Around   all 
thre  i  linn  envelope  has  been  developed  for  the  purpose  of 

protection;    around    tin-    hrain     tin-    <lun     niat.-r    \\irh     rh«-    cranial 
capMili'.   around   tin-  «>yr   the    >rl.  i'ot  ica.    ami    around    the    orgin 

hearing  the  bony  labyrinth  with  it>  hese  is  to  be 

a-ltled  >till  a  third  iu)trw.>;-thy  agreement.      In  all  three  cases  tin- 
soft  ami  firm  « -nvrloj.  -N  ar.-  >  ;  -v  more  or  less  considerable 
ti-Mire-like  spaces,  which  belong  to   tin-    IvmphaMc   >y>' 
the  neural  tuh.-  th  •  suli.lural  and  the  siiharachnoid  >paces  are  fo 
around  the  eye  the  j.  i-iclior.tid  ti->  IT6,  ai 

the   {)erilyinp!  which    liave   r.-e.  ived   in   the  cochlea 

.1  nani.->  of  scahe  (ii_Lr.  233  AST  and  .ST  i. 

The  detail-  of  th»-  formation    of   th-  -   around 

the  epithelial  auditory  \r-icle  are  as  follows: — 

Soon  after  the  auditory  >;ie  i-  OeQgfcrietod  •»:!'  from  the  i-j.id.-i  n. 
is  enveloj»"d  on  all  >ide,  l.y  a  richly  cellular   me>etichyme,  theindi\i- 
dual  cells  of  which  lie  in  an  extremely  >caniy.  soft 
intercellular  sulwtance,  and  possess  each  a  large  nucl«  us  with  a  thin 
protopla.-mic  covering  ha\in.i:  short  processes.    Gradually  the  envelope 
is  differentiated  into  two  layers  (tigs.  279,  2>  :i«- \i«-inity  of 

the  epithelial  canaU  the  >(,ft    intercellular  substance  increases    in 
amount  .  la  become  either  stellate  or  i.ap  d,  m  the 

former  case  sendiiu 

i>  form,  d  here  th.it   im -diiic.it ion  of  connective  substance  known  as 
mttoout  a  <$ue  (figs.  281  and  283  </),  in  which  there  are 

•-ide  of  tlii>  tl.  main  smalh-r  ami  : 

!\  crowded  together,  and  are  separated  from  one  another  by  thin 
j'artitions  of  a   tirm   ii.'  ito  substance.      With  an   increase  of 

the  latter  the    ti>-ue  BOOD    aoqoim    the    ch  iractei-     - 
cartilage  (M). 

The  further   changes   mu-t    l>e    foi  :n    the   semi- 

circular canal-,  the  utriculu>  and  sacculus  ami  the   diutu-  cn.-hlearis. 
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The  three  semicircular  canals  do  not  lie  exactly  in  the  middle  of  the 
cavities  of  the  embryonic  cartilage  containing  the  gelatinous  tissue* 
but  are  so  situated  that  their  convex  borders  are  in  almost  immediate 
contact  with  the  cartilage,  whereas  their  concave  sides  are  separated 
from  it  by  a  thick  layer  of  gelatinous  tissue.  The  latter  is  differen- 
tiated into  three  layers :  into  a  middle  portion,  in  which  the  gelatinous 
intercellular  substance  is  greatly  increased  in  volume,  and  becomes  at 
the  same  time  more  fluid,  and  into  two  limiting  layers,  which  are 
converted  into  fibrous  connective  tissue.  One  of  the  two  [the  inner] 
is  intimately  united  to  the  epithelial  tube,  for  the  nutrition  of  which 
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fig.  281.— Section  through  the  cochlea  of  a  Sheep  embryo  7  cm.  long,  after  BOETTCHI  H. 
Magnified  20  diameters. 

Mr,  Cartilaginous  capsule  of  the  cochlea ;  S,  sacculus  with  the  nerve  (tit)  distributed  to  it ; 
U,  utricle  ;  gs,  ganglion  connected  with  the  cochlear  nerve  (nc)  and  sending  nerve-fibres  (ns) 
to  the  sacculus ;  gsp,  ganglion  spirale ;  dc,  ductus  cochlearis ;  C,  CORTI'S  organ  ;  g,  gelatinous 
tissue  in  the  periphery  of  the  ductus  cochlearis  ;  x,  more  compact  connective -tissue  layers. 

it  provides  by  means  of  a  close  network  of  blood-vessels  distributed 
through  it ;  the  other  [the  outer]  lies  on  the  inner  surface  of  the 
cartilaginous  envelope  and  becomes  its  perichondrium. 

The  gelatinous  tissue  of  the  middle  layer  is  of  only  short  din 
It  soon  shows  signs  of  degeneration.     The  stellate  cells  become  filled 
with  fat  granules  in  the  vicinity  of  their  nuclei  and  in  their  l<>ni: 
processes;  later  they  disintegrate.     In  the  gelatinous  matrix  there 

:•  Tnied,  by  a -continually  advancing  process  of  softening,  cav 
filled  with  fluid.     Tluse  increase  in  si/e  and  then  become  conflu 
until  linally  there  has  arisen  between  the  connective-tissue  membrane 
of  the   >«'inicii-cular  canals   and   the   perichowlriuin.    /'//   /'face  of  tJit 
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iiwua  tis*> 

ll      •  1    tlirr.-. 

com.,  ain  riinn 

.«•  to  the  otln  i  n,-r\,->  an.l  hlood- 

-  \\hi.-li  an-  «li>trilmt.-.|  :nirir«-iil  ,: 

l-'inally,  a  l;i>t  allt-iatiou  takes  plao-  in  tin-  cai -tilagi!. 


Fig .  282. —Diagram  matic  repreicnUtion  of  the  whole  organ  of  hearing  in  Mi 
Outer  enr:    .\f,  M,   ;iuiii]e;    Mae,   meat  us  auditoriua  ext. 

t\ti:  Hi   «ar:    Cf,    Ct,   cavum    •  iU  wall;   J 

ap]u  .  is  drawn  as  a  simple  n»i  i  plao«  of  th« 

:  responds  to  the  stapedial  plate,  which  closes  th 


•  :..'•-  i-  i 
..„.!„  "  • 
..  |H  :  -- 


hii  ;  nl,  ita  opening  into  «h«  phuynz  ;  (Ttltew«lL    IWMT  mri   be  bony  labyrinth 
(A'/..  A  .iway  ;  S,  saoculus  ;  a,  6.  •  al  u..  uibraiuus  and 

osseous  semicircular  canals  ;  S.f,  D.t,  saooos  and  ducttu  eudolymphaticus,  of  which  the 
»  two  anus  ;  Cp,  cavum  peril  ymphationm  ;  CV,  eanalis  renniena  ; 
K-mbranoos  cochlea,  which  produces  at  -f  the  restibolar  ccecum  ;  Con',  bony  cochlea  ; 
i  St,  scala  vestibuli  and  scala  tympini,  which  at  *  communicate  with  each  oil 
ruiml.t  t-iia::i  ,!>  i».  which  arises  from  the  scala  tympani 

.    The  horiaontal  semicircular  canal  is  not  specially  designated, 
but  is  easily  recognisable. 


I'V    it>     l>ccoiniiiLr    cMiiMTtr.l    into    bone-- 

(».-iti<  ation.     Tliu-  tin*  iiicinlir.inou>  anais  are  enclosed 

in  the  l>ony  si'inii'iivtil.-ir  ranai  99   "   an«l  /•    A"/,i.   \\hii-h  are 

enlanjrtl  n-].r.).luctions  of  tk 

1     nv>po!nlin«:   changes  (fig.   282)   are  also  a«v 
[>:  riphory  of  the  utiu'iilti>  ami  sacvulu-  (>';,  ami  U-ail  to  | 
of  (1)  a  pcrilynipl  hirli   i>  in  coininu  uith 
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the  perilymphatic  spaces  of  the  semicircular  canals,  and  (2)  a  bony 
envelope  (KL1)  of  the  atriuin  or  vestibulum,  which  constitutes  the 
middle  region  of  the  bony  labyrinth. 

The  envelope  of  the  epithelial  cochlear  duct,  which  becomes  the 
bony  cochlea  with  its  scalae,  undergoes  a  more  complicated  alteration. 
It  is  already  differentiated,  at  the  time  when  the  duct  (fig.  279  dc) 
makes  only  half  of  a  spiral  turn,  into  an  inner,  soft  and  an  outer, 
firm  layer,  the  latter  becoming  cartilage  (kk).  The  cartilaginous 
capsule  (fig.  281  kk),  which  is  continuous  with  the  cartilaginous 
mass  of  the  remaining  parts  of  the  labyrinth  and  together  with  them 
constitutes  a  part  of  the  os  petrosum,  afterwards  encloses  a  lenticular 
cavity  and  possesses  below  a  broad  opening,  through  which  the  coch- 
lear nerve  (nc)  enters.  The  resemblance  to  a  snail-shell  is  not  yet 
observable  ;  it  takes  place  gradually  and  is  produced  by  two  changes  : 
by  the  outgrowth  of  the  epithelial  duct  and  by  the  differentiation  of 
the  soft  tissue  surrounding  it  into  parts  which  are  fluid  and  such  aa 
become  more  firm. 

In  its  outgrowth  the  epithelial  ductus  cochlearis  describes  within 
its  capsule  the  previously  mentioned  spiral  turns  (dc),  shown  in  cross 
section  in  fig.  283  ;  at  the  same  time  it  remains  quite  closely  approxi- 
mated to  the  inner  surface  of  the  capsule  (kk).  The  cochlear  nerve 
(nc)  ascends  from  its  place  of  entrance  straight  up  through  the 
centre  of  the  turns,  consequently  in  the  axis  of  the  capsule,  and 
gives  off  numerous  lateral  branches  to  the  concave  side  of  the 
cochlear  duct  (dc),  where  they  are  enlarged  into  the  ganglion 
(gap),  which  has  now  also  grown  out  into  a  spiral  band.  The 
nutritive  blood-vessels  have  taken  the  same  course  as  the  nerves. 

When  the  development  has  advanced  as  far  as  this,  there  still 
remains  to  be  accomplished  only  an  histological  differentiation  in 
the  soft  mesenchyme  which  fills  the  cartilaginous  capsule  in  order  to 
produce  the  parts  of  the  finished  cochlea  that  are  still  wanting — the 
inodiolus,  the  lamina  spiralis  ossea,  the  bony  cochlea,  and  the  vesti- 
bular  and  tympanic  scalse  (fig.  283).  Here,  as  in  the  vicinity  of  the 
semicircular  canals  the  utriculns  and  the  sacculus,  the  mesenchyme 
is  differentiated  into  a  firmer  connective  substance,  which  becomes 
fibrous,  and  into  a  gelatinous  tissue  (g),  which  is  continually  becoming 
softer.  Fibrous  connective  substance  is  developed  first  around  the 
trunks  of  the  nerves  (nc)  and  blood-vessels  that  enter  the  cartilagii 
(;ij-ulc;  furnishing  the  foundation  of  the  future  bony  axis  of  the 
H  mil-shell  (M),  secondly  it  furnishes  an  envelope  for  nerve-fibres  (N) 
that  run  from  the  axis  to  the  epithelial  cochlear  duct,  for  the  gangli- 


•mi    OBG  503 

onic  cell-  i  In-  Mix.  ; 

fi.^in-  plate  u  liirli  .mi  tli«-  lamina    -p 

ossea.      Thinlly,  it    elotln->   uitli   ;i    thin    layer   tli-   .  j.it  ln-lial   .1 

for  tin-  (list i-iluii inn  of  til--  Mood-vessels  on  the  latter. 
•  in -i-  \\  it  li  ochlearis. 

Fourthly,  it    line,    th.-    iiiin-r    Mi:  In-    cart  ilagiuoUS   Capfltlle  &8 

j.  richondrimii     /'         finally,  tifthh  nied   a    c< 

6    plate   <}')    extending    hetwcrn    tin-  -••    \\hich, 

U    p:v\iou-ly   de-M-rihed,    project  >   inuanl    fr..m   tli»-  iM|.>ul»-  an  i 
(•••iiiMvtixv  tissue  UDBOf  t  In 
ami  >«-j-:M-:it««>  t  lit-  tin-  in  MI. 

so  that  the  latter  now  oomee  to  lie  in  a  large  oanal,  the  \\alli-t'  win'.-h 

i>    in    part    cartilaginous  in    part     m 
t'oun<latio:i    of   tin-   l»ony  cochl.-a. 

'I'liat     portion    of    tin-    in-  s  •nclivnn'    uhi.-h  iledinto 

lilmms  «)nnf:-ti\«-  tissue  beoomes  gelatinou  ti^-  I- 

form-    1-  twees    tin-    pail-    just    m.-nt  ioiir.l    t\v..   >p  10  of 

which  i>  loraH'.l  al.ov.-  ami  tin-  otlirr  In-low  the    in   ml.i- 
cochleai'is  and  tin-  inciuhranoiis   lamina    >piralis.        Th*-  here- 

fore    oi-i-njiy    the    place   of    tin-    >cala    Ve 

tympani  (>'/'•.      Tin-  latter  ai  i-  •.  eV8D  l«  f  •:•«•  t  he    j  r  «  •   d 
t  ion   Ite^inv.  in  exactly    t!:.-  -m  I  aces 

in   the    oaS6   of    the   x-micirciilar  canals  and    tin-    \ .-.-'.  ihule.       I:, 
•relatinou^    ti— ne    the    matrix    i«-  «.mes  softer    and  more   lluid.  and 
tin-    cell-    liiirin    to    nndei-^o    fat  ty  de^ein  rat  ion.      Small    fluid   • 
cavities  make  their  app  -o  become  joined  to  one  ano- 

and  finally  the  whole  space  occupied  hy  ^-latinons  tissue  is  till*  d 
with  ]ierilymj>h.  The  process  of  >»t  fen  ing  begins  at  the  base  of  the 
cochlea  in  the  region  of  tin-  lir>t  >piral  ( >7'  I  advances 

>I.)\\ly  touartl  tin-  cupola.     1  I  •  re  \  e>t  ilmla  i  :>•  scalac  finally 

unite,  after  tin-  la-r   remnant  of  the  gelatin-  has  been  dis- 

solved. Figure  283  exhihiu  a  M.ig.-  in  which,  at  the  base  of  the 
cochlea,  the  peri  Km  ph.  i  l>een  formed, 

and   only    .-mail    remi.ant-   <f   tin-   gelatin-  •«•  (</)  are    pn-- 

wherea-    at      the    a|>c\    of    the    cochlc!  ,11    of 

the  gelatinous   tittV  n    place. 

With    the    development     of     t 

coi-hleaii-  changes  form.       Win  cross  sect  formerly 

oval,  it  now  assumes  the  form  of  those  port: 

of  the  wall  which  are  adjacent  to  ihular  ami  tympanic  scalae, 

and  which  have  he.-n  named  from  tin  me  tlat toned. 
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Fig.  283.— Part  of  a  Motion  through  the  cochlea  of  an  embryo  Cat  9  cm.  long,  after  BOETTCHKK. 

XX .  <  >;irtilaginous  capsule,  in  which  the  cochlear  duct  describes  ascending  spiral  turns ;  dc,  ductus 
cochlenris  ;  C,  organ  of  CORTI  ;  Iv,  lamina  vestibularis  ;  x,  outer  wall  of  the  membranous 
•MA  co.hlearis  with  ligamentum  spirale  ;  Slr,  scala  reatibuli  ;  AT,  6'7",  scala  tympani  ; 
y,  gelatinous  timue,  which  s'ill  fills  the  scala  vestibuli  (*v')  in  its  last  turns  ;  y',  remnant  of 
the  gelatinotu  tissue,  which  is  not  yet  liquefied  ;  M,  firm  connective  tissue  surrounding  the 
co;hle  ir  nerve  (nc) ;  gtp,  ganglion  spirale ;  ff,  uarve  wliich  run3  to  CoRTi's  organ  in  the 
future  lamina  spiralii  osjea  ;  }',  ompict  connective-tissue  layer,  which  bicomes  ossified  and 
sh*re4  in  bounding  the  bony  cochleir  duct ;  P,  psrichondri-iin. 
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and  are  stretched  i 

lis  and  the  inner  wall  of  the  ile,     In  \\>\>.  procen 

tin-  I  \  mpaliir  \\all  ('  ')  O.IIM  -    In    li«-    in    t  1, 

>pirali>.  the    vt  Milmlar  \\.-il!  mi    \uili    thr    tvinj. 

.Mli-lr,   and   tin-  third   Wall   (./•)  is  rv.Tyuh-  \villi   t  IK- 

.•hondriimi  ot'  tin-  cart  ila^'ii  dr. 

Tin-  rpitht  lial  lining  ot'  thr  im-n, 

dill'rirnt    «-«.n.liti..iiN    in    i|l(-   1  1  • 

,\;ill.        \\  hd.  :>!lln-liul  «•!!>    «.|     il,,-   \.  ^f|l, 

•A:ill>  }><  <  oint-  in  part  nil  lira  1.  in  j  art  .|iiit.-  Hal.  tin  •-•-,,{'  tin-  t  \  m- 

wall  beoome  elongated,  and  M..H  \\-ith  tin-  tonnin.i 

of  tlir  rcirlilrar   h«-r\.-;     tln-\     |  >i  -.  •  lilrr  t  hr  r.  .In  j  ilifated   Ofg.i 
(C),   wliirli     likr    tin-    ail', 
lln-  ainjiulla-,  tlir  >arc'iilii>  un<l  Ut  I'irulii-.  , 
•  »f  tlir  auditory  IHTN.-. 

Tin-   r(»n>ti-iirti(Hi    (.t    i  lu«    in!  i  i 
Nvith  tin-  Ix^iniiiiii:  "f  tin-  j-i 

plisbed  by  two  methods.     I*'ir>t.  tin-  t-artila^ii 

tlu-  •  lulorhtMidral  inaiim  r.  as  d«  >r>  ihr  \vli«- 

4  it    \vliicli   il  rniiMitiltr.N  a   -Iliall   i 

i-  t-.r  a  lon^  linn-  >{>«,n^\   ai.il  j'rt>vid«-«i  \\itli  lar^-    n:i-tliillai 

hdly.  tin-  pi-r»i..u-iy  iii«-:itioiuMl  ftbfOQB  OOnneot 
tin-    ]iartitii'ii>    !••  I  \\«  «-n    i  be    r«"-hl«-  U 
a\i-  «>r  tlu«    incdii-liis   and  I  i  .    dir«-,-[   Q 

n.     At  the  saiiir  tinn-  r.-inp 
within  on  th<-  .-pon^y  !•«•  tormed  fit>m  thecartilaginou 

laiurlhr  arr  i'orin- 

uni,  which  becomes  the  j  un.     Consequ*- 

i.'.Mi    (.ip>ulr.  >inr«>   it    i>  produced  by  JM 
may  l.i»  ra>ily  drta<  h«-d  h-.-in  the  loose  osseous  tissue  of  end«> 

origin  dui-ini:  rarly  post  -natal  years. 


(c)  yv/v/,,y.///,  Accessor)/  Aj>f"it'tttH*  of  the  Orya 

With    tin-  membranous  and    U.ny    lal.  \rinth.  whirh   are  toget 
callrd  thr  iniin-  i-ar.  tlu're  is  associated  a  v 
Same  way  that    th--  -i'l>.  and   thr 

and    «lurt>  an-   addrd    to   thr   rv.-lall.       It    i>   mad.-   up 
whirh  arr  want  in-  in  thr   bwOT   '  'Ut,  begini 

to  be  developed  in  thr  Amphil.ia,  become  '  1""I'(1  '''  ' 
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the  higher  forms.  Their  function  is  to  transmit  vibrations  to  the 
labyrinth,  and  consequently  they  are  together  called  the  conducting 
apparatus.  From  their  position  they  are  also  known  as  middle  ami 
outer  ear.  The  former  consists  in  Mammals,  where  it  attain 
highest  development  (diagram,  fig.  284),  of  the  tympanic  cavity  (Ct)f 
the  Eustachian  tube  (Tb),  and  the  three  auditory  ossicles  (SAp) ;  the 
latter,  of  the  tympanic  membrane  (J/J),  the  external  meatus  (Mae), 
and  the  external  ear  or  auricle  (M).  The  statement  just  made,  that 
these  parts  are  wanting  in  Fishes,  is  to  be  taken  cum  grano  salis :  it 
is  as  a  sound-conducting  apparatus  only  that  they  are  wanting,  for 
they  are  present  even  in  the  case  of  Fishes,  but  only  as  structures 
of  a  different  function  and  in  a  more  simple  condition.  For  the 
various  accessory  apparatus  of  the  organ  of  hearing  are  developed 
out  of  the  first  visceral  cleft  and  certain  parts  which  are  located  in 
its  periphery. 

Here  also  it  will  be  well  to  acquaint  ourselves  with  the  original — 
the  initial  condition,  for  which  the  Selachians  may  serve  as  an 
example. 

In  them  the  greater  part  of  the  first  visceral  cleft,  which  is 
situated  between  the  mandibular  and  hyoid  arches  and  between  the 
nervus  trigeminus  and  n.  acustico-facialis,  disappears ;  at  the  side 
of  the  throat  it  becomes  closed,  remaining  open  only  at  the  origin,  or 
base,  of  the  two  visceral  arches.  It  then  has  the  form  of  a  short 
canal,  which  possesses  a  small  round  opaning  at  its  inner  and 
another  at  its  outer  end,  and  which  passes  in  very  close  proximity  to 
the  labyrinth-region  of  the  skull,  in  which  the  organ  of  hearii. 
located.  The  canal,  here  called  the  spiracle,  has  no  longer  anything 
to  do  with  respiration,  since  the  branchial  leaflets  on  its  wall  ha\v 
undergone  degeneration.  Owing  to  its  position  in  the  immediate 
vicinity  of  the  labyrinth,  it  presents,  even  in  the  Selachians,  the 
course  for  the  propagation  of  the  sound-waves  to  the  inner  ear,  and 
this  is  the  chief  ground  for  its  entering  wholly  into  the  service  of 
the  organ  of  hearing  in  the  remaining  Vertebrates,  and  for  its  1  - 
developed  in  a  more  serviceable  manner  for  this  particular  function. 

The  structures  in  the  higher  Vertebrates  corresponding  to  the 
spiracle  of  the  Selachians  are  (fig.  284)  the  tympanic,  cavity  (Ct), 
the  Eustachiaii  tube  (Tb),  and  the  external  meatus  (Mae).  Th«-y 
likewise  are  developed  out  of  the  upper  part  of  the  first  visceral 
cleft.  Although  it  has  recently  been  asserted  by  certain  investi- 
gators (URBANTSCHITSCH)  that  they  have  nothing  to  do  with  the 
first  visceral  cleft,  but  are  established  independently  by  the  evagina- 
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tion   of   tin-    pharwix,  tlii>    \i.-\v  U..p|.«x,  ,1   it,,i    ,,nly  to  COmpam 
;ui;itoniical    01  -n^.    hut    nl-  >    to 

MOI.M.NH  \i  i:u,  an. I    Hoi  IM  \\N.  \\  In  to  the  dcvolopmci 

llrjitilrs.    I'.inls   :ili«l    Maliiln 

In   tin-  classes  of  Vertebrates  just  m<  first  visceral 


Fig.  284.     Diagrammatic  re  pre  ten  tat  ion  of  the  who>  organ  of  hearing  to  Han,  from  WlCDObUreiM. 
•«<•.•    M,  M,  auricle  ;  Atae,  motni  aoditoi  ^  ;  O,   iU  wail;  JJt,  BMCubnui* 

•  l>ain  ;    O1,   its  wall  ;   SAf,  •ooad-oooditctiBf 

appara  |  drawn  as  a  1  M»  of  ib«  auditory  oaiclc*;  the 

place  t  correspond*  to  the  stapedial  plate,  which  cloae*  the  feneatra  oralU ;    . 
Eustachii ;  Tb\  iu  opening  into  the  pharynx  ;  (/'.  iU  wall.     Iniur  mr  :  the  bony  labyrinth 
(HI..  A'/.-)  for  the  moat  part  cut  away  ;  S,  aacculus  ;  a,  A,  the  two  rertiad  nMtnbranoaa  and 
osseous  semicircular  canals;  S.e,  V.e,  saccus  and  ductus  •odolympbatictu,  of  which  the 
•  two  arms;  Cp,  cavum  periljrmphaUcum  ;  O,  eanalk  rranieo* ; 

Con,  membranous  cochlea,  which  produce*  at  -t-  the  resUbalar  ootctitu  ;  Con',  bony  cochlea ; 
Sv  and  St,  scala  vestibuli  and  scala  tjmpani,  which  at  •  cuwmunioaU  with  each  other  at  the 
rulis(a);  D.p,  ductus  )icrilymphaticos,  which  arises  from  the  scala  tyupani 
at  The  huruwmtal  semidrealar  canal  is  not  specially  iJMsgiMtsH, 

but  is  easily  recognisable. 

dft't   ifl  i-l.  Bed  in  it-  upju-r  part  also,  contrary  to  the  cor<. 
Selachians.' 

The   clo>uiv    IKV..IIH-S    more   lilia    ami    i-oiii] 

^louth  of    ;t    »'«iiimrti\-  i-  between  tlu>  inner  and   outer 

epithelial  plates.     Remnants  of  the  first  visceral  deft  are  preserved 

*  See  the  statements  discussed  in  a  previous  chapter  (p.  2*7),  concerning 
the  mooted  question  wht •:  fts  remain  closed  by  means  of 

an  epithelial  membrane  or  are  temporarily  open. 
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on  both  sides  of  the  closing  membrane  as  depressions  of  greater  or  less 
depth  ;  an  inner  one  on  the  side  toward  the  pharyngeal  cavity,  and 
an  outer  one  which  is  surrounded  by  ridges  of  the  first  and  second 
visceral  arches. 

The  inner  depression,  which  is  called  canalis  or  sulcus  tubo-tym- 
panicus  (pharyngo-tympanicus),  is  located,  like  the  spiracle,  between 
trigeminus  and  acustico-facialis.  It  becomes  the  middle  ear,  and  i> 
enlarged  by  an  evagination  that  is  directed  upward,  outward,  and 
backward.  The  evagination  inserts  itself  between  the  labyrinth  and 
the  place  of  closure  of  the  first  visceral  cleft,  and  takes  the  form  of 
a  laterally  compressed  space,  which  is  now  to  be  distinguished  as 
tympanic  cavity  from  the  tubular  remnant  of  the  sulcus  tympanicus, 
or  Eustachian  tube.  Its  lumen  is  very  small,  especially  in  the  case 
of  advanced  embryos  of  Man  and  Mammals,  its  lateral  and  median 
walls  being  almost  in  immediate  contact.  This  results  chiefly  from 
the  fact  that  there  is  present  beneath  the  epithelial  lining  of  the 
middle  ear  a  richly  developed  gelatinous  tissue.  The  latter  still 
encloses  at  this  time  structures, — the  auditory  ossicles  and  the 
chorda  tympani, — which  later  come  to  lie,  as  it  were,  free  in  the 
tympanic  cavity. 

The  tympanic  membrane  also  is  now  in  a  condition  very  unlike 
that  which  it  afterwards  acquires.  The  history  of  its  formation  is 
by  no  means  so  simple  as  was  formerly  supposed.  For  it  is  not 
derived  exclusively  from  the  narrow  closing  membrane  of  the  first 
visceral  cleft ;  the  neighboring  parts  of  the  first  and  second  mem- 
branous visceral  arches  also  participate  in  its  production.  The 
embryonic  tympanic  membrane  is  therefore  at  first  a  thick  con- 
nective-tissue plate,  and  encloses  at  its  margins  the  auditory  ossicles, 
the  tensor  tympani,  and  the  chorda  tympani.  The  reduction  in  the 
thickness  of  the  tympanic  membrane  takes  place  at  a  late  period, 
simultaneously  with  an  increasing  enlargement  of  the  tympanic 
cavity.  Both  are  brought  about  by  shrinkage  of  the  gelatinous 
tissue,  and  by  an  accompanying  growth  of  the  mucous  membrane 
lining  the  tympanic  cavity.  Wherever  the  gelatinous  tissue  disapj  N 
the  mucous  membrane  takes  its  place,  inserting  itself  between  the 
individual  ossicles  and  the  chorda  tymj  ani.  which  thus  come  to 
lie  apparently  free  in  the  tympanic  cavity.  In  reality,  however, 
they  lie  outside  of  it,  for  they  continue  to  be  clothed  on  all  sides  by 
the  growing  mucous  membrane,  and  are  connected  with  tlit*  wall  of 
the  tympanic  cavity  by  m°ans  of  folds  of  that  membrane  (malleus- 
told,  incus- fold,  etc.),  in  much  the  same  manner  as  the  abdominal 
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IDJ    whirh    grOU     in  in\e-h- 

toneum  and  MIJ .port i  d  fr<>m  it-  iralli  •• .  '  ho  mesenteries. 

\\'ith    a    r.  dtirt'on    in    the    thirkne-,- 

there    OOOOn    a     condensation    of     it-.     ,  ..  ance, 

whereby    it   i-   enabled    to  fultil    it-    ultimat.-    hin<  i 

memlu 

A        I! 

L<  -  \\iii  i.   deferred  to  i  rahi  qua  •   •  otto,  •  bioti  ck  < 

11  of  the  -keleton.      A-  her — con- 

cerning the /;./•///•<.'  <•  external  »••/,-.  which,  a-  ha  l»een 

1.  i-  deri\ed    from   a   d ,-pre— ion   ,,n   the  oiit»-r-ide  of   the  place 
the   lir-t    \  i-ceral   el.  : 
ha-    I)  .MI    minutely    inves- 
in    the   Chirk    by    Mm. in. M 
and   in   the   human   embryo   by   Hi-         \ 
the  lateral    view   of   a    \  er\  •  younir   human 
embryo  (ti_.   L'7  I  i  -how-,  t  li- 
i-let't    is  -urroundetl  by  ridtre  Ids' 
whirh    belong    to    the    tir.-t     ai 

ial  arrlies,  and  are  early  disided   into 
-ix    ele\-atioii-    designated    b\-    Ai-abie    nu- 
meral-.     Ki-om  t  lnv-41'  is  deri\  :rirl«». 
whirh   therefore   invohc.-  a    rather  . 
-ive    tract    •  f    the    embr\oni.-    i 
j.ai-    uurirulari-).       The    p. 
the    rid^e-.    at    the    bottom    of    \\liirh    the 
tyni|-anir  uiembi-aii'-  i-  m--t    \\ith.  be.-omes 
the  external  meatuS,      Thi-   i>  continually 
i^iowin^  deej.er  ow  U 
\vull  of  the  .-id.-  ot   the  face  becoming  great  ned;  finally  it 
i>   de\el..ped    into   a    loni:   eanal.  the  w.ill   of    \\lnrh    i-   in    j  art    '< 
in    part    carti!                          ;  1.    which 
round    the   Mini,,-   ..f   the  external   ineatus,  tog.  ite  a 
Inilky    rin.i:.       The    accompa  n  \  i  1 1  -    repi.-                                   -.))    shows 
«  l.arly   its    metamoi  |.h...-i-    into                                                It    -liowa   that 

out    of    the  elevation-    1    and    ."•    t!,e   tragofl   M  igiis    are 

.leveloped,    out  of   -    and    :'.    the    helix,    and    out    of     }    the   antihelix. 
The   lobule    of    the    ear    KB  a    lon.ir    time    Miiali  ;     it    is    not 

until    the  lifih    month    that    it    b.-r. -n 
from  the  hillock  marked  with   the   num. 

id  month   all   the  .-N-ential   i  .»ar  are  «•;. 


Tig.  8*5.  -  Fundament  of  the 
outer  ear  of  a  human  latojl, 

(fa  .  :•  rvHoi  Mrin  1 1  yniMM 
the  tnffw:  '-,  the  antitrajnu. 
The  elevaiiotu  2  and  3  prodoee 

the    ) 

lobule.    JT,  Lowvjaw. 
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recognisable ;  from  the  third  month  onward  the  upper  and  posterior 
part  of  the  auricle  grows  out  more  from  the  surface  of  the  head  ; 
and  it  acquires  greater  firmness  upon  the  differentiation  of  the 
auricular  cartilage,  which  had  already  begun  at  the  end  of  the 
second  month. 

SUMMARY. 

1.  The  most  essential  part  of  the  organ  of  hearing,  the  mem- 
branous labyrinth,  is  developed  at  the  side  of  the  after-brain  above 
the  first  visceral  cleft  from  a  pit-like  depression  of  the  outer  germ- 
layer. 

2.  By  closure  the  auditory  pit  becomes  the  auditory  vesicle ;    it 
sinks  down  and  becomes  imbedded  in  embryonic  connective  tissue, 
from  which  the  cranial  capsule  is  subsequently  developed. 

3.  The  auditory   vesicle   acquires   the   complicated   form   of   the 
membranous   labyrinth   by   various  evaginations   of    its   wall,   and 
becomes  differentiated  into  the  utriculus,  with  the  three  semicircular 
canals,  into  the  sacculus  with  the  canalis  reuniens  and  the  cochlea, 
as  well  as  into  the  recessus  vestibuli,  by  means  of  which  sacculus 
and  utriculus  remain  permanently  connected  with  each  other. 

4.  The  auditory   nerve  and  the   auditory  epithelium,    which  are 
at   first   single,   are   likewise   divided — as    soon   as    the    vesicle   is 
differentiated  into  a  number  of  regions — into  several  nerve-branches 
(nervus  vestibuli,  n.  cochleae)  and   nerve -terminations   (the    cristaa 
acusticse  of  the  three  ampullae,  a  macula  acustica  for  the  utriculus 
and  another  for  the  sacculus,  and  the  organ  of  CORTI). 

5.  The  embryonic  connective  tissue,  in  which  are   enclosed   the 
auditory  vesicle  and  the  products  of  its  metamorphosis,  is  differen- 
tiated into  three  parts : — 

(a)  Into  a  thin  connective-tissue  layer,  which  is  closely  applied 

to  the  epithelial  wall  and  together  with  it  constitutes 
the  membranous  labyrinth ; 

(b)  Into   a   gelatinous   tissue,  which    becomes   liquefied  during 

embryonic  life  and  furnishes  the  perilymphatic  spaces 
(in  the  cochlea  the  scala  vestibuli  and  the  scala  tym- 
pani)  ; 

(c)  Into  a  cartilaginous  capsule,  from  which  there  arises  by  a 

process  of  ossification  the  bony  labyrinth. 

6.  The  middle  and  outer  ear  are  derived  from  the  upper  part 
of    the   first   visceral    cleft   (the    spiracle    of   Selat  hians)    ;m<l    it> 
periphery. 
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7.   The   tympanic    membrane.    \\lii.-h    at 

only  gradually  becomes  reduced  to  tonne  membrane,  i 

velopfd  out  of  tin-  do  •   and  the 

adjacent   jiai  ts  of  the  vi-ceral  ai. 

I'll.-  tympanic  ca\itv  and  tin-   KM  •  ,.-ln;iM  tube  are  developed 
>ut  «>f  a  depres>ion  on  the  median  >ide  .,f  tin-  tympanic  membrane, — 
the   >ulcu-    t  tibo  tympanicus,    -and   ..nt    OJ 
extending  ui>  \ard.  an  I  pd. 

9.  The  tympanic  ca\itv  is  ai  i  inely  small,  the  conn* 

tis>u»  of  tin*  inucoiiv  ini'iiil»r.in««  th.-i-  nig  gelatinous 

[ami  voluminous]. 

1<».  Tin-  amlii-.i-y  otBudefl   au-l  tin-   ohordi    tympani  lie   at   first 

«»ut>iilr  tlio  tympanii-  caxity  in  ti.t-  p-latinoii> 

only  aft.-i- .^lirivcllin^  of   I  In-  p-latinous   ti»»n-   that  ,:ae  to  He 

in  folds  of  tin1  niuo.ni-  m  niliraiie.  which    project  into  tlu-    now   more 
capacious  tympanic  cavity  (inru>-f«>M.  mall«'ii>-fol<l). 

11.   Tlu-  cxit-rnal    mratu>  is  .Icvclopi'.l   from    th«-  v  of  the 

depression  that  lies  on  the  lateral  >I<1«-  of  th- tympanic   membrane; 
the   auricle   arises  from  six  elevation-,    which    an-    converted 
is.  antitragus,  helix,  antihclix.  and  tin-  lolmlr  of  the  ear. 


C.  The  Development  of  the  Organ  of  £/, 

The  (»r:raii  of  smell  is,  like  tin-  eve  aiid  ear,  a  product  of  t; 
<:•  TIII -layer,  from  which  it  is  developed  somewhat  later  than  the  two 
higher  sensory  organs.  It  first  becomes  noticeable,  at  either  side 
of  the  broad  frontal  pmce->  (ti.ir.  -7  h  previously  dex-ribed,  as  a 
thickening  of  the  outer  ^--rm-layer  which  His  has  designated  in 
human  <  mhry,  /.  Hot  h  fundaments  soon  become  more 

distinct  owini:  to  the  fact   that   ea.-h  nasal  area  becomes  depressed 
into  a  kind  of  trough,  the  edges  of  which  ri>e  up  as  folds  < : 
An  olfactory  lobe,  which  has  been  formed  m-antime  by  an  evic- 
tion of   the    cerebral    vesicle,   grows  out  on  either  >ido   to   tin-   thick- 
ened epithelium  of  thi>  area,  where  n  :t»rill:e  terminate. 

The  tu"  ich   :ire   ;  :.   :i  >imilar   manner  in 

all  Vertei  rh  the  «-\  lostomes,  in  which 

an  unj  aired  pit  arises,  are  separated  from  eac  by  a  con- 

able  di>tanc.-.     They  ther  •  •  ly  paired 

structures,  whereas  in  their  ultimate  condition  in  the  h; 
Vertebrate  they  have  approached  .  ach  other  toward  the  nc 
plane  and  become  an  apparently  unpaired  organ,  the  nose. 
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The   study  of   the  development   of   the  orpin   of   smell  acquires 

additional  interest,  when 
one  takes  into  account 
the  comparative  -  ana- 
tomical conditions.  It 
is  then  found  that  the 
various  stages  through 
which  the  organ  <>t'  >moll 
passes  during  embryonic 
life,  in  Mammals  for 
example,  have  been 
preserved  as  permanent 
conditions  in  1  o  w  » •  r 
classes  of  Vertebi 
Thus  in  tho  case  <>t 
many  groups  of  Fi>ln-s 
the  organ  of  smell  is 
preserved,  as  it  were,  in 
its  initial  stage  in  the 
form  of  a  pair  of  pits. 
Upon  closer  histological 
investigation,  however, 
this  condition  ocquin  s 
a  special  interest,  be- 
cause it  presents  points  of  comparison  with  simple)'  sensory  organs 
u'hich  are  distri- 
buted over  tJie  in- 
tegument. As 
BLAUE  especially 
has  shown  in  a 
meritorious  work, 
the  olfactory 
nerve  does  not 
terminate  in  this 
case  in  a  con- 
tinuous olfactory 
epithelium,  but  in 
individual.  >h  a  rply 
differentiated  or- 


Fig.  286.— Frontal  reconstruction  of  the  oro-pharyngeal 
cavity  of  a  human  embryo  (Rg  of  His)  11*5  mm.  long, 
neck  measurement.  From  His,  "  Menschliche  Em- 
bryonen."  Magnified  12  diameters. 

The  upper  jaw  is  seen  in  perspective,  the  lower  jaw  in 
section.  The  posterior  visceral  arches  are  not  visible 
from  the  outside,  since  they  have  moved  into  the 
depths  of  the  cervical  sinus. 


Fig.  287. -Longitudinal  section  through  three  olfactory  buds  from 
the  regio  olfactoria  of  Belone,  after  Hi  \r  :  .  llu'lily  m.iunined. 

/*,  Olfactory  bn.l  :  ut  ciliate  e|»itlifliuin  in  several 

layers;  n,  hianch  <>f  the  olfactory  nerve. 


gans  (fig.  287  rk),  which,  although  cK-«-ly  <  r«>u<l  <1  in  an  inditl- 
ciliate  epithelium  (fe),  are  nevertheless  srp.-. rat<<!  iV«nn  each  other. 
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The  us  fine,  rod-like  <• 

their  free   t-iuls   h«-ar   tinr    Iri-tl'-   ami   aiv    united    into   bundle 
distinctly   delimited   from    the   I-;  khf    epid. 

Til.  y  closely  resemble  the  sensory  nerve-termination..,  \\hi.-h  n. 
dantly  and  widely  distributed  in  the  epidermis  of  Fishes  and  other 

lower  Y<  —thi-  ln'n  <>rgan*  or  the  nervou*  end-bud*. 

I'.-  M  i:  ha-  therefore  named  tln-m  <  [nictory  bud*.     He  proceeds  t 

tin-  com-. -j.ii..n  that,  like  the  .similarly  c-onstracted  gustatory  bud* 
of  the  oral  <  i>oy  are  descended  ir»m    tho  sensory  organs 

•Uited  o\vr  ih««  whole  integument.  The  organ  of  sm^ 
simply  a  depressed  patch  of  tln»  skin  richly  provided  with  ten 
nerve  1. ud-,  \\hich.  umi,  i^-ing  a  change  of  filiation,  has  come  to  sub- 

re  a  specific  sense.    Tho  continuous 
olfactory  epithelium  of  the-  higher Ver- 
ti-hrattvs  ha>  ari-m  from  the  originally 
>caU«-rc«l,    ixilati-il    olfat'tury    l.ud-   (tig. 
287  rk)  by  a  process  of  fusion.  1 1 
ditVt'ivnt  epithelium  (fe)  having  «ria«lu 
ally  disappeared.      In  certain  >| 
l''i.shes  and  Amphiliia  Mich  a  transition 
i-an  be  demonstrated. 

The  further  development  of  the  «.r^an 

of    smell   is  especially    chara«-t«-ri-iHl    hy        F»c.288.-Fundam«at  of  thei 


the  olfactory  pits  coming  into   ivl.:ti,,n 

canty  of  a  human  embryo  (« \  1 ! 
with    the    oral    cavitv.       Kaeh    ot     them  ,\   Men  from  below  aft«r 

(fig.    286)  develops  a    fmrow   >vl,i,l,          ^£S 

runs   downward    to    tho    upper   margin  M*gnlfi«d  12 dUunettim. 

of  the  mouth  and  recei\e>  un  its  outer 
>ide  tlie  pi« -\  i.»u>ly  described  lachrj'mal  groove,  coming 
dir-ection  from  the  eye.     Nasal  pit  and  natal  furrow  become  deeper 
in  older  embryos  (fig.  288),  owing  to  their  margins  protruding 
\\ard  as  rid^i-  and  forming  the  so-called  inner  and  outer  natal  pro- 
cesses.    The  two  inner  nasal  pro<  > 

by  a  shallow  furrow  running  from  above  downward;  they  tog* 
produce  a  thick  partition  between  the  two  olfactory  pit-  that  in  the 
higher  Vertebrates  subs«|u«  ntly  becomes  more  and  more  r« 
thickness.     They  also  furnish  the  middle  of  the  roof  of  the  mouth. 
The  outer  nasal  processes  (also  called  the  lateral  frontal  processes  by 
His)  form  on  either  side  a  ridge  protruding  between  the  eye  and  the 
organ  of  smell,  and  furnish   the  material  for  th»- 
lateral  walls  of  the  nose  and  the  ate.      Their  !.>\\er  margin-  meet 
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the  front  end  of  the  transversely  located  maxillary  processes,  from 
which  they  are  delimited  externally  by  the  lachrymal  grooves. 

On  the  median  wall  of  the  nasal  pit  there  exists  a  special  small 
depression,  which  was  first  found  by  DURSY  in  mammalian  embryos, 
and  which  is  also  observable  in  human  embryos  at  a  very  early  stage 
(His).  It  is  the  fundament  of  JACOBSON'S  organ,  which  afterwards 
makes  its  way  into  the  septum  of  the  nose.  It  receives  from  the 
olfactory  nerve  a  special  branch,  which  is  indeed  of  remarkable  size 
in  embryos. 

The  stage  with  the  nasal  groove  exists  as  the  permanent  condition  in  many 
Selachians.  In  these  cases  the  deep  nasal  pits,  which  are  enclosed  in  a  car- 
tilaginous capsule,  and  the  mucous  membrane  of  which  is  raised  up  into 

numerous  parallel  folds, 
lie  on  the  under  surface 
of  the  elongated  snout  or 
rostrum.  Deep  grooves, 
which  are  bounded  by 
folds  of  the  skin  contain- 
ing  muscles,  and  which 
can  be  closed  as  if  by 
valves,  lead  to  the  front 
margin  of  the  mouth  at 
some  distance  from  its 
angle. 


Pig.  2*9.—  Roof  of  the  oral  cavity  of  a  human  embryo  with  the 
fundament*  of  the  palatal  processes,  after  His.  Magnified 
10  diameters. 


The  next  stage, 
which  in  human  em- 
bryos is  reached  in 
the  second  half  of 
the  second  month, 

exhibits  the  organ  of  smell  converted  into  two  canals,  which  have 

teen  produced  by  the  fusion  of  the   margins  of  the  two  grooves, 

especially  that  of  the  inner  nasal  process  with  the  maxillary  process, 

which  advances  toward  the  median  plane.     The  canals  now  possess 

two  openings,  the  external  and  the  internal  nasal  orifice  (fig.  289)  or 

the  nares.     The  two  external  nares  lie  only  a  little  above  the  bord.-r 

of  the  mouth-opening;  the  internal,  in  the  roof  of  the  primitive  oral 

cavity,  on  account  of  which  they  have  been  named  by  DURSY  the 

primitive  palatal  clefts.      They  are  located  far  forward,  only  a  little 

removed  from  the  edge  of  the  mouth,  a  position  which  they  retain 

nanently  in  the  case  of  the  Dipnoi  and  Amphibia.      At   first 

<1,  they  afterwards  become  elongated  and  assume  the  form  of 

Mire  running  from  in  front  backward. 

With  the  metamorphosis  of  the  organ  of  smell  into  a  canal  leading 
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<he  ..••.,!  ,  h  has  been  effected  in  all  \  .-rtebrateh 

ins.. tilings, — a  tecond  function  ha*  been  assumed     I- 

time,  to  oondc 

fn-m  ill.-  "i-.il  and  i  >  h;  i  ryngeal  cavities  and  tin-  lung-.  It  IMS  become 
a  kii.d  of  r'.xjx'nitary  atriumfor  the  apparatus  of  respiration.  The 
assumption  of  this  accessor \  t<  •  ives  a  special  stamp  to 

;  stages  of  the  development  of  t  lie  organ,  and  is  to  be  taken 

proper  estimate  of  the  course  of  the  fur 

development  is  most  of  all  determined  by  the  tendency  to  an  exten- 
sive  enlargement  of   the   surface  of   the  olfactory  chamber.     The 
we    of   *  •!,   does  not  affect  the  real  olfactory 

mucous    mei  :l.rane  or  sensory  epithelium,  to    \\\ 

nae. 
It  is  therefore  less  connected  wi-h  an  improvement  of  the  sense  of 

1  than  with   an    anv.— >ry  fmietion   in   t  he  process  of  respirn ' 
By  an  increase  of  the  surface  of  the  soft,  vascular  mucous  membrane 
the  air  that  is  swept  over  it  becomes  warmed  and  freed  from  part 
of  dust,  which   are  caught    by  the  in.>Nt  Mirface.     From  this  time 
forward  th.  refore  one  inu>t  di>i inu'uish  a  regio  olfactoria  and  a  regio 
The    former,   which   is    derived    from    the    sensory 
epithelium  of  the  original  olfactory   pit.  ly  small, 

ives  the  termination-  ..f  t  he  .,!;,.  bory  nerve,  and  is  limited  in  the 
Man  to  the  region  of  the  upper  turbinal  process  and  a  part 
of  the  septum  nasi.      1  -n  tliat  cause- 

us    which    tho   orgjin    <>f    ->iiM-ll    attain-    in   the   \. 
Vertebrates. 

The  iitrri-'isi'  in  tfte  suri'iirf,  of  the  nasal  cavity  is  produced  hv  three 
iiil.-rent  events:  (1)  by  the  for:  I   the  hard  and  soft  palate, 

(•_')  hy  the  development  of  the  turl.inal  bones,  (3)  by  the  appearance 
of  the  accessor  •  of  the  nose. 

The  lir>t  evmt  he^in>  in  Man  toward  t  he  m<l  <>f  the  second  li 

•  hen  form,  d  on   t!<  y  process 

(tig.  i'^'.))  a  i-idg.-,  which  projects  mitive  oral  en 

and  grows  out  hori/ontally  The  right  and  left  palatal 

plates  at  iir>t  embrace  between  them  a  broad  fissure,  through  which 
may  he  seen  the  original  roof  of  the  yand  on  this  t 

v.  Inch  become  more  and  more  slit-like  and  are  separated 
l.y  a  bridge  of  suhMuiuv  which  has  aris*-:  he  median  frontal 

proce.xN  and  can   •  lesignated  as  the  nasal  septum 

third  month  i  tlfonure  becomes  gradually  nanx 
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Fig.  290.— Cross  section  through  the  head  of  an  embryo  Pig  3  cm 
long,  crown-rump  measurement. 

The  nasal  cavities  are  seen  to  be  in  communication  with  the  oral 
cavity  at  the  places  designated  by  a  *  ;  K,  cartilage  of  the  nasal 
septum  ;  m,  turbinal  cartilage  ;  /,  organ  of  JACOBSON  ;  /',  the 
place  where  it  opens  into  the  nasal  cavity  ;  gf,  palatal  process  ; 
of,  maxillary  process  ;  zl,  dental  ridge. 


The  horizontal  palatal  processes  of  the  upper  jaw  increase  in  size, 

and  finally  their 
free  edges  en- 
counter in  the 
median  plane  the 
still  broad  nasal 
septum,  which  has 
grown  down  yet 
farther  into  the 
oral  cavity.  Then 
the  parts  men- 
tioned begin  to 
fuse  with  one  an- 
other from  before 
backward. 

Two  stages  of 
this  process  are 
illustrated  by  the 
accompanying 
figures  (figs.  290, 

291),  in  which  cross  sections  through  the  anterior  end  of  two  embryo 

Pigs  are  repre- 
sented.   Figure 

290  shows  the  / 

stage  at  which 

the    palatal 

plate    (gf)    of 

the     maxillary 

process        (of) 

has     advanced 

close     to      the 

lower     margin 

of     the      nasal 

septum.      Oral 

and  nasal  cavi- 
ties    are    still 

in  communica- 
tion by  means 

of     the     very 

narrow   palatal   fissure   indicated   by  an   asteri>k. 

In  figure  291  the  fusion  has  taken  place.      In  this  manner  the 


Fig.  291.— Cross  section  through  the  head  of  an  embryo  Pig  5  cm. 

long,  crown-rump  measurement. 
Ic,  Cartilaginous  nasal  septum ;  m,  nasal  turbinal  process ;  /,  JACOBSON'S 

organ  with  jk,  JACOBSOS'B  cartilage  ;  d,  dental  ridge ;  M,  covering 

bone. 


pi-hi  '  di\id.'d 

un,-.  ti,,.  upp-r  [MM,  becomes  associate*!  u nli  Hi.-  organ  of  smell,  to 

tin-  rnlar^rm.-nt  of  which  it  contril.'. 

rose  from   th- 

lal.vrimh,  as  naso-pharyngeal  pottage.     This  opens  b« 
phar\n\  by  means  of  the  po^.-iinr  nares.     The  lower  part  becomes 
tin-  secondary  oral  cavity,     Th.-  pai 

tl»i«  maxillary  process  is  the  palnf*-.  \\hich  later,  when  the  dev- 
infm  (,f  tli«'  bones  of  the  head  can  !>«•  traced,  <ithe 

/  and  the  soft  palate. 
A  small  portion  ;1    fastm,  which   in    \.>un^  embryos 

eraei  tin-  palate  from  m  tVont  backward  an«l  unites  oral  and 
na>al  cavities  (fig.  290  *),  is  preservtnl  in  mo-*  rates  and  con- 

M  it  i ;  •  "dus nasopalat  >«»  may  be 

•d  through    it    from    the   na-al    to   tln-oi.,  In  Man  tin* 

diu-i  closed  daring  embryonic  1  ••••  is  preserved, 

however,  in  the  palatal  pro,-.--- .  •!'  T  IM-  l»ony  maxilla  at  theOOiresj' 
iiii:    j-lacc    a    vaeuity,    the  tiCl&ivtU,  OCCUpi-    1    1  .y    OODH8 

tissue,  blood-vessels,  and  lu-rves. 

Where,  tin-  duct-       -         oy  are  present,  there  are  f  theil 

vu-inity  the  oryaiis  of  JACOBSON,  concerning  which  the  statement  has 
already  U-.-n  made  that  they  are  established  very  early  as  special 
depressions  of  the  two  olfactory  pit-      In  Man  thi-  or^an  ^converted 
into  a  narrow  tnl»e,  \vhieh  lies  a  lit  Me  aliove  the  ea 
"pin  •  backward  and  -lightly  upward  close  to 

the  cartila^inou-    jai'tition.  ending  Mindly"  (ScHWALBE).      In  M 
mals  the  organ  is  more  highly  <l.-v«-lop.-d  (!iir>. 
rnvclop.-d  in  a  special  cartilaginous  capsule  (JACOBS*  •  'Iag0» 

ves  a  special  hraneh  of  tli..  olfactory  nerve,  wind 
minates  in  a  sensory  epith.-lium,   \\hieli  agrees    \  :    the 

oltactori.i.      |.'IV,  '•  i )  it  opens  into  the 

heLrinninir  of   -  s  canal,  which  in  this  case  remains  open  as 

a  communication  U-;  ween  nasal  and  -  •  ies. 

1  riti-d  the  formation  of  folds  as  the  second  means  of  increasing  the 
intcinal  >ui  lace  of  the  organ  of  smell.  These  are  developed  in 
-Mammals  (figs.  290,  291)  and  ii  >n  tin-  latt-r.il  walls  of 

nasal    chaml>«-rs  ;     they    run    p.n    "'  :  rom   in    1 

iiackwanl;  t h«  ii  fi«ee margins  grow  downwartl.  onsequenceof 

the  forms  which  they  a -MI  me  are  called  |  natal  turbiiiated 

processes,  while  tlie  spaces  between  them  are  designated  as  upper, 
ami  /„</>•/•  nasal  passages.      From  the  cai 
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capsule  they  receive  in  Man  as  early  as  the  second  month  a  support, 
which  subsequently  ossifies.  In  many  Mammals  the  turbinated 
processes  acquire  a  complicated  form  owing  to  the  production  upon 
the  first  fold  of  numerous  smaller  secondary  and  tertiary  folds,  which 
become  peculiarly  bent  and  rolled  up.  On  account  of  the  complicated 
form  resulting  from  the  production  of  the  turbinated  processes  the 
olfactory  sac  has  received  the  name  of  olfactory  labyrinth. 

Thirdly  and  lastly,  the  mucous  membrane  of  the  nose  is  increased 
in  extent  by  the  formation  of  evaginations  which  grow  out  partly 
into  the  ethmoid  region  of  the  cranial  capsule,  which  consists  of 
cartilage  during  early  stages  of  development,  and  partly  into  a  number 
of  the  covering  bones  (Belegknochen). 

In  this  manner  are  formed  the  numerous  small  cribriform  pits  in 
the  cartilaginous  cribriform  plate.  Somewhat  later  (in  Man  during 
the  sixth  month)  an  evagination  into  the  upper  jaw  is  developed  into 
the  antrum  of  HIGHMORE.  Finally,  after  birth  evaginations  penetrate 
into  the  body  of  the  sphenoid  bone  and  into  the  frontal  bone,  pro- 
ducing the  sinus  sphenoidahs  and  sinus  frontales,  which,  however, 
attain  their  full  development  only  at  the  time  of  sexual  maturity. 
In  many  Mammals  the  enlargement  of  the  nasal  cavity  tak<  s 
place  even  farther  backward  into  the  body  of  the  occipital  bone 
(sinus  occipitales).  Inasmuch  as  the  accessory  cavities  of  the  nose 
take  the  place  of  bone-substance,  they  naturally  contribute  to  the 
diminution  of  the  weight  of  the  cranial  skeleton. 

In  connection  with  the  account  of  the  organ  of  smell  the  forma 
of  the  external  nose  ought  now  to  be  briefly  considered.  It  is 
developed  out  of  the  frontal  process  and  the  parts  designated  as 
nasal  processes  (figs.  286,  288,  and  289),  these  becoming  elevated  more 
and  more  above  the  level  of  the  surrounding  parts.  At  first  broad 
and  bulky,  the  nose  later  becomes  thinner  and  longer  and  acquires 
cluiracteristic  forms.  The  nostrils,  which  at  their  formation  are  far 
apart,  come  together  in  the  median  plane.  Whereas  the  distance 
in  an  embryo  five  weeks  old  is,  as  His  has  shown  by  measurenx 
1*7  mm.,  it  has  become  reduced  in  an  embryo  seven  weeks  old  to 
1*2  mm.,  and  in  one  somewhat  older  to  0'8  mm.  The  median  frontal 
III-MCI-SS  is  correspondingly  reduced  in  thickness  and  furnishes  the 
nasal  septum. 

SUMMARY. 

1.  The  organ  of  smell  is  developed  out  of  two  pit-like  depro.—i.ms 
of  the  outer  germ-layer,  which  are  formed  on  the  frontal  process  at 
a  considerable  distance  from  each  other. 
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_.     '  s  an-  united  ui'h 

raxity  l.y  mean>  of  tin-  nasal  grooves. 

3.  The  inner  and  <>u;  md  the  nasal 

Sfl  project  cut  as  ridges  ami  c<»n>tituti-  tit*-  inin-r  and  outer  DMa) 

(.    \'>y  fu-',"n  of  HP-  iii.i i-L'iii-  ot°  the  nasal  grooves  the  orgni 

-III. -11    is  converted    int" 

frontal    |  <f   the  external    BS*6f 

the   primitive  oral  lit  t  le  l..n-k  of   t!,,-   HJ.J..T  li|»   !      means  of 

tlit>  ii;in  nal  narea. 

Tin-    int  rnal  itaces  afterwards  become  fissure-like  and  move 
ii-.-M  er,  owing  to  tlie  nasal  septum  becoming  tliiiim-r  and 

^n»\vin.y  (lounwanl  >..in.-\\  liat   into  1 1,,.  primitive  oral  Ca\ 

6.  'I'lic  upper  part  of  tin-  primitive  oral  0  in  s  in  t  IP-  forma- 
tion   of    tin-  or^-an  of    Miit-ll  and  serves  for  •  •>  re- 
>pirati>ry  r.'^ion,  >inr««  ln»ri/Mntal  ri.lges  (the   palatal   prooesses)  grow 
inuanl  from  tin-  maxillai-N    i 

na-al  st-ptuin.  with  which  th.-y  fu>«',  an.l  produce  the   h  !   soft 

p;ila 

7.  In   tin-  or^an  of    >m«'ll   a    furtlu-i-    6filSjIjg68M  iiO  IpfVTW 

;  iratory  purp-  <1  by 

(a)  The  formation  of  fol.ls  of  its  mucous  membrane,  by  \v 

urltinatrtl   processes  a i 

(b)  Evaluations    of    it>    mm. -us   m«-ml)ran«^    into  the  adjacent 

parts  of   thf  cariila-inous  and  bony  c 

(formation  of  the  ••  «-«-H>  :a  plate,  the 

fronttU    and    sphenoidal    sinuses,   and    the    antrum   of 

HlCllMo 

8.  Jn  human  .  inl.ryo>  there  is  early  formed  in  the  oifactor\ 

a   >p»vial   depression  of  tf  ^-rm  layer   a-    : 

,  of  .JACOJ'.SON,  \\hich  receives  a  special  i 

9.  JACOIISON'S  organ  comes  to  '.  base  of  the  nasal 
remote  from  the  olfacto; 

10.  The  du«  A    in   many  Mammals  and  the  canales 
inci.xivi  in  Man  are  preserved  as  ren  •   tin-  so-called  palatal 

li»me>     -the    original    figure  like     ,  us    between 

cavities  and   >«  o-ndary   or. 
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III.  The  Development  of  the  Skin  and  its  Accessory  Organs. 

Having  now  become  acquainted  with  the  physiologically  more 
important  functions  of  the  outer  germ-layer, — which  consist  in  the 
production  of  the  nervous  system  and  the  sensory  organs, — I  give  a 
short  survey  of  the  changes  which  take  place  in  the  remaining  part, 
which  is  now  designated  as  primitive  epidermis  (Hornblatt).  This 
furnishes  the  whole  outer  skin  of  the  body  or  epidermis  and  the 
numerous  and  various  organs  that  are  differentiated  out  of  it,  such 
as  the  nails,  the  hair,  and  the  sweat-,  sebaceous,  and  milk -glands. 

(a)  The  Skin. 

The  epidermis  of  Man  is,  according  to  the  statements  of  KOLLIKER, 
very  thin  during  the  first  two  months  of  development,  and  consists  of 
only  two  single  layers  of  epithelial  cells.  Of  these  the  superficial 
layer  exhibits  flattened,  transparent,  hexagonal  elements ;  the  deeper 
one,  on  the  contrary,  consists  of  smaller  cells  ;  so  that  already  there 
is  indicated  by  this  a  differentiation  into  a  corneous  and  a  mucous 
layer.  Even  now,  too,  a  detachment  of  epidermal  cells  begins  to 
manifest  itself.  For  the  outer  cell-layer  is  soon  found  to  be  in 
process  of  decay,  with  obliterated  cell-contours  and  indistinct  nuclei, 
while  a  supplementary  layer  arises  beneath  it.  In  many  Mammals 
the  dying  layer  of  cells  is  detached  as  a  continuous  sheet  and 
then  constitutes  for  a  time  a  kind  of  envelope  around  the  whole 
embryo,  to  which  WELCKER  has  given  the  name  epitrichium,  because 
the  outgrowing  hairs  are  developed  beneath  it. 

From  the  middle  of  embryonic  life  onward  both  layers  of  the 
epidermis  become  thicker  and  the  outermost  of  them  contains 
cornified  scales,  the  nuclei  of  which  have  degenerated.  From  this 
time  onward  a  more  extensive  desquamation  takes  place  at  the 
surface,  while  the  loss  is  made  good  by  cell-divisions  in  the  mucous 
layer  and  by  the  metamorphosis  of  these  products  of  division  into 
cornified  cells.  In  consequence  of  this  the  surface  of  the  «  n 
becomes  up  to  the  time  of  birth  more  and  more  covered  with  a 
yellowish-white,  greasy  mass — the  smegma  embryonum  or  vernix 
caseosa.  This  consists  of  a  mixture  of  detached  epidermal  scales  and 
of  sebaceous  secretions,  which  have  been  produced  by  the  dermal 
glands  that  have  arisen  meantime.  It  forms  a  thick  layer,  especially 
on  the  flexor-side  of  the  joints,  on  the  sole  of  the  foot,  the  palm  of 
the  hand,  and  on  the  head.  Detached  portions  of  it  get  into  the 
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amniot  ic  tin:,  ike  it   mil.!. I.     Finally  these,  as  well  as 

of  the  ii.  •  •  Mvallou.-d  i.y  t  he  embryo 

t  lit-  amniotic  tluid,  ami  lhu>    I..-.-..MI.-   a   <  •    of  the   U10C«- 

acciimulatt  .1   in  tin-  ii  ' 

Tin*  epidi-rmi  bet  only  on.-  c»mp 

adult  <T  of  ili«-  integument  :  th  nd  mop-  \  iu»  part— 

tin-  •/'•/•///'/  OrC  -duced  l.y  t|i«>  n.  I  :..- 

Bfl  place  here  as  in  the  cuso  of  the  other  membranes  and  organs 
he  body.     The  epithelial  layers  derit<  th*  primary  </ 

1 1  to  dose  relation*/'  the  mesenchymet  since  they 

a  i-  .|uire  from  the  latter  a  c<>  ^erves  for 

their  mechanical   support    and   nutrition.      .Ju-t    a  -i«r  germ- 

layer  unites  with   the  Intermediate  layer  to  form  the  mucous  mem- 
of   the  alii:  -inal.   as  th<«   ej.ith'-liu: 

with    the  adjacent   connective  substance  to  form  the  mem- 
Kranous  labyrinth,  and  as  the  epitlielial  op  le  with  th' 

and  scli-ra  to  form  the  eyeball,  so  here  aU«>  t  In-  fj.id.-i  mi-  nnit.-s  \\itli 
the  corium  to  const  it  nto  the  inte^nim-nt. 

During  the  iirst    months   tin-  corium   forms  in  Man  a  layer  of 

y    packed.    >j>indle-shaped   cells,   and    is  delimited    from    the 
epidermis    by    a    delicate,    structureless,    smo<  "d.    Km- 

ni'-mlirane  (liasem«-nt    m«»inl»raiu»).  surli  as  exists  perin 

of   tlie   lower  Vertebrates.       In   the  third    month   it   is  .1 
rntiated  into  the  corium  proper  :i;>d  the  looser  subcutaneous  tissue, 
in  which   then-   are  >oon  developed   duM.-r>  of  i  N.      From 

middle  of  preirn.-nii-y  onward  t  ho  latter  so  increase  in  number  • 
the  xilicutam  ou>  ii>sue  soon  becomes  a  layer  ot  tini:  tin- 

whole  body.  At  this  time  the  smooth  contour  between  epidermis 
and  corium  is  1  »M .  o\\  ing  to  the  development  on  • 

r   of   small    papilla-,   which   grow  into  the  mucous   layer  and 
produce  the  corpus  papillate  of  the  \  be  papilla*  serve  pa 

for  the  reception  of  loops  of  capillary  1  >lood-vessels,  and  thus  effect 
a  better  nutrition  of  the  mucous  layer;  in  part  they  nv«  ive  the 
termination-  of  tactile  nerves  (tactile  •  hus  are 

divided  into  vascular  papilla-  and  ner\oiis  papilhe. 

The  >kin  of  Vertebrates  attains  a  higher  degree  of  development  in 
consequence  of  processes  similar  to  those  described  -.te^inal 

(anal.  The  epidermis  increases  its  surface  outward  by  the  formation 
off<  <>;i9.  Because  the  evaginated  and 

inva^'inated    parts    at     the    Same    tiim-    alter    in     many    ways    t' 
'••gical  peculiai  iti.  .>,  there  arises  a  large  number  of  organs  of 
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different  kinds,  which  are  developed  in  different  ways  in  the  separate 
classes  of  Vertebrates  and  which  preeminently  determine  the  external 
appearance  of  the  animals. 

As  external  processes  arise  the  dermal  teeth,  and  scales,  the 
feathers,  hair,  and  nails.  As  imaginations  of  the  epidermis  are 
developed  the  sweat-,  sebaceous,  and  milk-glands.  We  will  begin 
with  the  former,  and.  not  to  go  too  far  into  details,  will  limit  our- 
selves to  the  organs  of  the  skin  in  Mammals. 

(b)  The  Hair. 

The  most  characteristic  epidermoidal  structures  of  Mammals  and 
Man  are  the  hairs.  One  can  distinguish  two  modifications  in  the 
method  of  their  development.  The  ordinary  method  of  development 
is  that  which  is  known  in  Man.  In  this  case,  at  the  end  of  the 
third  embryonic  month,  the  mucous  layer  grows  at  certain  places 
and  forms  small  solid  plugs,  the  hair-germs,  which  sink  into  the 
underlying  corium  (fig.  292  B  hk).  By  afterwards  elongating  ami 
becoming  thickened  at  the  deep  end  they  assume  the  shape  of  a 
flask.  Then  there  ensues  a  process  similar  to  that  which  takes  place 
upon  the  formation  of  the  teeth.  At  the  bottom  of  the  epithelial 
plug  the  adjacent  corium  grows  and  forms  a  richly  cellular  nodule 
(pa),  which  grows  into  the  epithelial  tissue  and  is  the  fundament  of 
the  connective-tissue  hair-papillae,  which  is  early  provided  with  loops 
of  blood -vessels.  Around  the  whole  ingrowing  germ  of  the  hair  the 
surrounding  parts  of  the  corium  are  afterwards  more  and  more 
distinctly  arranged  into  special  courses  of  fibres — some  of  which  run 
lengthwise,  others  in  a  circular  manner — and  constitute  a  special, 
vascular,  nutritive  envelope,  the  hair-follicle  (fig.  292  C,  D,  hb). 

A  somewhat  different  method  of  hair-formation  has  been  observed 
by  REISSNER,  GOETTE,  and  FEIERTAG  in  certain  Mammals. 

In  these  the  first  impulse  to  the  formation  of  the  fundament  of  a 
hair  is  produced  by  a  limited  cell-growth  of  the  corium  immediately 
below  the  epidermis.  It  produces  a  small  elevation  (fig.  292  A), 
which  is  simply  the  hair-papilla  itself,  projecting  into  the  opidci mi-. 
Then  the  papilla  is  forced  farther  and  farther  away  from  the  snr 
of  the  skin  by  the  growth  of  the  epidermal  cells  that  cover  it,  and 
at  last  is  found  far  removed  from  its  place  of  origin  and  at  the  deep, 
somewhat  thickened  end  of  a  long  epithelial  plug. 

The  final  result  is  therefore  the  same  in  both  cases,  only  the  time 
of  the  formation  of  the  first  fundament  of  the  papilla  and  of  tho 


Of  TMI:   Q 

epithelial  phi::  i>  diH'erent.      h,  ,-  papilla  arises  at 

tin-  surface  of   t  lit-  >km  ami  i>   foiv.-d   do\\  n    by  a   p 
growth;  in  tin-  former  t  In-  epit hdial  plug  first  sink >  i.-  nder- 

lyin.ir  t  i— in-  and  1 1  1  the  li;iir  papilla  in  formed  by  a 

corium. 

The  ^notion  arises,  \vhichoft! 

IK»  con-idered  the  uioro  primitive?     In  my  opii 

•'}  of  the  .is  is 

unquestionably  the  ampler  and  leas  complete  con* i  \\\  which 

the  latter  i-  derivable   and   tlirou^li   \\iiidi  it  Ls  explainable.     Tlie 
hairs   >ink    into    the    undtM-lying    tissue    for    the    purpose  of  \» 

i-hiiKMit    and    at  t  acliincnt.       A    parallel    is   furnished    by   the 
deyelopmenl  «>i'  tln>  tt-rtli.      In  th»»  selachians  the  latter  arise  (so 

far  as   they  arc  dcvdojitd  a  vc  >t nu't nn-s  in  the  ll 

papillfd  which  grow  from  the  oorinm  into  tin- cj>idci-in:  -'osts 

and    Amphibia,   on    tlic  contrary,   tlm    tcctli,   wliicli   an-    found 
trilmttd   over  'vxiciivivc  ai-cas  in   the  oral  mucous  membrane,  are 
established  deep  down  in  that   membrane,  for  epithelial  pi 
tlic  ioi-ni  of  plu«:<  lir>t    >ink  down   into  tin**--  tissue,  ai. 

i-  only  Mil>s<><iu(>ntly  that  the  dental  papillre  are  formed  by  . 
of  growth  in  the  connective  ti  the  bottom  of  the  « 

downgrowth. 

Let  us  return  aft  hirther  developoieni 

the   hair:  thi>  take>   place  in  thf  same  manner  in  tx>th  the  cases 
distin^iuMn-d  above.       The  i-pith.-lial  celU  which  cover  the  papilla; 
multiply  and  are  dilVerent  iated   into  two  parts  (fig.  292  C)  ;   ! 
into   cells   that  are  more  remote  from   the  papilla',  that  become 
spin«llo-.-hap«  d  and  united  into  a  small  cone,  and  that  by  cornific;i 
ice  the  tir-t  point  <>f  the  hair  (Aa),  and  secondly  into  cells  \\ 
immediately  invest  the  papilla,  remain  protoplasmic,  and  c 
the    matrix      the   hair-bulb    i//:) — by  means  of    which    the    further 
irrowth  of  the  hair  takes  place.    The  c< 

rapidly  im  tea>e  b\  division,  are  added  below  to  the  first-formed  part 
of  the  hair,  and  by  coi  niticat  ion  cont  i-ibulo  to  its  elonga 

The  hair  in   ]>rocess  of  development  on  the  papilla  at  first  lies 

wholly  concealed  in  the  skin  and  is  enveloped  les  by  cells  of 

the  epithelial  plug,  at  the  bottom  of  which  the  first  trace  of  it  was 

fornu  d.     l-Yoni  this  investment  are  formed  the  outer  and  the  inner 

/   f/,f>  root  and  D  aw  and  iw).     Of  these  the 

i    (<i>r)  OMIMMS  <  f  >mall  protoplasmic  cells  and  is  cc: 

externally  with  the  m 
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with  the  hair-bulb  (hz).     The  cells  in  the  inner  sheath  of  the  root 
(iw)  assume  a  flattened  form  and  become  cornified. 

In  consequence  of  the  growth  which  proceeds  from  the  bulb  the 
hairs  are  gradually  shoved  up  toward  the  surface  of  the  epidermis, 
and  at  the  end  of  the  fifth  month  in  the  case  of  Man  begin  to  break 
forth  to  the  outside  (fig.  292  D  ha').  They  protrude  more  and 
more  above  the  surface  of  the  skin,  even  in  the  embryo,  and  consti- 
tute at  many  places  of  the  skin,  especially  on  the  head,  a  rather 


Fig.  292  A—  D.— Four  diagrams  01  t  :e  development  of  tae  hair.  A,  Development  of  the  hair- 
papilla  on  the  free  surface  of  the  skin,  as  it  occurs,  according  to  GOETTE,  in  many  Mammals. 
J3,  C,  Dt  Three  different  stages  of  the  development  of  the  hair  in  human  embryos. 

/to,  Corneous  layer  of  the  epidermis ;  scld,  mucous  layer  ;  pa,  hair-papilla  ;  lik,  germ  of  hair ; 
Ac,  bulb  of  hair ;  ha,  young  hair ;  ha',  tip  of  the  hair  protruding  from  the  hair-follicle  ; 
aw,  iv,  outer  and  inner  sheath  of  the  root  of  the  hair  ;  hb,  hair-follicle  ;  td,  sebaceous  gland 

thick  covering.  On  account  of  their  minute  size  and  fineness,  and 
because  they  fall  out  soon  after  birth,  they  are  called  the  downy  hair 
or  lanugo. 

Each  Jiair  is  a  transitory  structure  of  short  duration.  After  a  time 
it  falls  out  and  is  replaced  by  a  new  one.  This  process  begins  even 
during  embryonic  life.  The  hairs  that  fall  off  get  into  the  amniotic 
fluid,  and  since  with  this  fluid  they  are  swallowed  by  the  embryo,  they 
form  one  of  the  components  of  the  meconium  accumulated  in  the 
-tinal  canal.  A  more  extennvr  rli.-.nirc  takrs  place  in  Man  soon 


Ill  I 

after  birth  with  the  shedding  of  the  down]  .;  !uoed 

<>n  u:  n  growtli  .      In 

"MammaN    the   shedding    of    tin-    old    and    | 

exhihits  a   certain    perindieit y,    \\hieh    fa   d-  P  the    wa* 

and  colder  periods  of  ill--  \ear.     Tln^:l.e\  .1-  ; . -l-.p  .1  -IM: iner  and  a 
Nvint.  ;  !  \!      ,   th.-  .she.!  need, 

although   lex.*  noticeaMy,  1>\    I  In-  tiin- 

The  falling  oil'  of    the   hair   i  <  &^   in    the   part 

iv-tini!  on  tin-  papilla  and  calif.!  tin-  luil!..       Tl».-  c.-ll  mult  i ; 

by  m  lii.ii  tli.    addition  of  new  corneous  substance  takes 

plan-,  n  ases;  the  falling  hair  becomes  detached  from  its  m 

it>  d''«-p  ,-nd  luck-  a-  tlmu.L'li  it  won-  shreds;   i  >till 

ivtaincd  in  tin-  hair  follicle  l.y  i'  ^hoath,  until  it  is 

forcibly  removed  or  is  crowded  out  by  the  supplement 

its  |ilac.-. 
Tlu-  opinion-  of  invi-st  iir.-itoi-s  >till  d!il'  r  .Mucrming  the  manner 

tit,  An  especial  subject 

of  controversy  is  tin-  point  whether  the  young  hair  is  formed  from 

an   entirely   ne\v    papilla    (STIKDA,     I  old  one 

(I. \\<. it;,    v.    Ili-.Mi;'.    ur    whether    hoth    methods    o.vir    (  K»i  I.IKER, 

UNNA).     It  seems  to  me  that  the  tir-t   \i.\v  i-  ilio  correct  one,  and 
that  the  sin  «Min«;  of  the  hair-  is  due  to  •  fty  of  their  papilla. 

])mincLr  this  slowly  occurring  process  of  dege  .  perhapn  « 

heioreit  begii,  -titution  is  Initiated  l»y  the  <xvurrence  . 

active  cell -proliferation  at  a  place  in  tho  outer  sheath  of  the  root — 
which  indeed   consistfl   ..f   oellfl   ri«-li   in   protoplasm — and    by  the 

formation   of   a    ne\\   plu«r.    which   ^i ••  •          Mo  the  derma 

from  the  l.ottoin   of  th.-  fundament    of  the  old    hair.      At  the  blind 
[deep]  end  of  this  secandar  there  i-  t hen  developed  from 

the  derma  a  new  papilla,  UJM.]!  ined  the  new  hair  and 

ide   of   and   In-low    the  old   one,  in   the  ma' 
ioosly   <le-rril>.d.     When    it   begins  to  increase  in  lengtl 

ol.l  hair  lying  above  it,  crowds  the  latter  out 
of  its  sli.  i  'il  it   falU   oil',   ai:d  tinally  itself  takes  the  place 

of    it. 

According  to  ti  \votild  !>;•  a  certain   simila 

lu-tween  the  >hed.linir  «»f   the  ha:  smuch  as 

in   both  cases  second: r  .i.il   processes,  from  which  the  new 

t.x.th-  or  liair  pa[»illa  .irise  from  the  primary  fundan 

and   inasmuch  as   the   ne\\    BtrUCturei   1-y  their  growth  displace  the- 
old 
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In  addition  to  the  development  of  hairs  from  old  fundaments,  a 
second  method  of  formation,  which  one  might  designate  as  direct  or 
primary,  is  maintained  by  many  writers  (GOETTE,  KOLLIKER).  It  is 
assumed  that  even  after  birth,  both  in  the  case  of  Man  and  other 
Mammals,  hair-germs  are  formed  directly  from  the  mucous  mem- 
brane of  the  epidermis,  in  the  same  manner  as  in  the  embryo.  In 
how  far,  at  what  regions,  and  up  to  what  age  such  a  direct  forma- 
tion of  hair  takes  place,  demands  still  more  detailed  and  exhaustive 
investigation. 

(c)  The  Nails. 

A  second  organ  resulting  from  a  cornification  of  the  epidermis  is 
the  nail,  which  corresponds  in  a  comparative-anatomical  way  to 
the  claw-  and  hoof -like  structures  of  other  Mammals.  In  human 
embryos  only  seven  weeks  old  there  appear  proliferations  of  the 
epidermis  at  the  ends  of  the  fingers,  which  are  noticeably  short  and 
thick,  and  likewise  at  the  ends  of  the  toes,  which  are  always  less 
developed  than  the  fingers.  In  consequence  of  the  proliferations 
there  arise  from  the  loose  epidermal  cells  complicated  claw-like 
appendages,  which  have  been  described  by  HEXSEN  as  predecessors  of 
the  nails  or  primitive  nails. 

In  somewhat  older  embryos,  from  the  ninth  to  the  twelfth  week, 
ZANDER  found  the  epidermal  growth  marked  off  from  its  surround- 
ings by  a  ring-like  depression.  The  growth  consists  of  a  single 
layer  of  cylindrical  cells  with  large  nuclei  lying  on  the  side  toward 
the  derma  and  corresponding  to  the  reto  Malpighii,  of  two  or  three 
layers  of  polygonal  spinous  cells,  and  of  a  corneous  layer. 

The  territory  thus  distinguished  by  a  depression  and  by  an 
altered  condition  of  the  cells  ZANDER  calls  the  primary  basis  of  the 
nail  (Nagelgrund),  and  describes;  it  as  occupying  a  greater  part  of 
the  dorsal,  but  also  a  smaller  part  of  the  ventral  surface  of  the 
terminal  segment.  He  infers  from  this  that  the  nails  in  3Jun 
originally  had,  like  the  claws  of  the  lower  Vertebrates,  a  terminal 
position  on  the  toes  and  fingers,  and  that  they  have  secondarily 
migrated  on  to  the  dorsal  surface.  Thus  he  explains  the  fact  that  the 
region  of  the  nail  is  supplied  with  the  ventral  nerves  of  the  fingers. 

GEGENBAUR  subscribes  to  ZANDER'S  view  of  the  terminal  position 
of  the  fundament  of  the  nail,  but,  supported  by  the  investigations 
of  BOAS,  opposes  ZANDER'S  assumption  of  a  migration  of  the  funda- 
ment of  the  nail  dorsally.  He  distinguishes  in  the  development  of 
nulls  and  claws  two  parts  (fig.  293),  the  dorsally  located  firm  nail- 
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vent  rally.      of   these  the   latter  arises 

166    of    the    primary    basis    of    the    nail.      In  Into    and 

ungulate  V, rtel,iat.>  it  (fig.  294  ah)  ;  {>ed  to  a  great  ex ' 

in    Mm   it   atrophies,  and  is  recognisable  only   in   an  exceed! 
r. -tliu-i •«!  condition  as  nail-welt.     "By  this  term  is  meant  the 
thickening   of   tin-  epid-  rinis  which   forms  the    tr. 

t  th«   nail  t<*  tli.'  corrugated  skin  of  the  ball  of  the  fine 
nail  | 'la to,  on  the  contrary,  is  from  the  beginning  exclusively  a 
product   of  til.-  dorsal   Mil-fan-  of  the  basis  of  the  nail.     There  Is 
MI  -it  In  -i-  in  Man  nor  in  other  Mammals  a  dorsal  migr 

be  tcnninal  fundament  of  the  i  a  degeneration  of 
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Fig.  298.  Fig.  SO*. 

Fig.  293. -A,  Longitudinal  lection  through  the  to«  of  a  Ceroopithoeo*     B,  Longitudinal 
through  the  second  finger  of  Macaoua  ater.    A/let  GCUCXUAIK. 
I  l.l.tu  :  ,  ..  plantar  horn  (Sohlenborn) ;  nw.  nail-wall. 

Pig  294  —Section  through  a  Dog'i  to*.     Aft*r  GEGEXBAC*. 
IV,  Nail-plate;  th,  plantar  horn  ;  6,  ball  of  too. 

its   v.  nti-al    portion,   which  otherwise  furnishes  a  more  complete 

plantar  horn. 

So  far  as  regards  the  particular  events  in  the  development  of 
the  nail-plate,  the  struct  mv  is  demonst  i  able  in  human  embryo  • 
month-  old  ai  a  thin  Mat  layer  of  cornified,  closely  united  cells  on 

1  - urface  of  1 1  i  y  basis  of  the  nail  or  the  bed  o; 

nail.      It  is   prod  no  d    by  the    mucous  layer  upon   which   it 
mediately  lies,  but   oontintiei  t'.»ra  time  to  be  covered  by  the  : 
corn,  ous  layer  that    i>   piv-  nt    at  all  points  of   tlie  .•jad'-rmi>.      This 
invt>tnnnt      I  NNA'R  cpoiiychium — is  not  lost  until  the  fifth  month. 
llouev.  i.    notwitli>tandinur    their    invr>tm.-nt.    th«-  naiN  are  easily 
-ni-abl,.  >,,u, ,-    wt.-ks  beforr   this  fnnu    thi-ir   \vliiten- .^.    in  dis- 
tiiH'tit;ii  from  the  nddi-h  <>r  dark  red  color  c-!  i:.nir  skin. 
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Owing  to  the  addition  of  new  cells  from  the  mucous  membrane,  both 
from  below  and  from  the  posterior  margin,  the  nail-plate  grows — it 
becomes  thickened  and  increased  in  surface  extent.  It  is  now 
pushed  forward  from  behind  over  the  bed  of  the  nail,  and  at  the 
seventh  month  its  free  margin  begins  to  project  beyond  the  latter. 

With  this  the  nail  has  acquired  essentially  the  appearance  and  con- 
dition which  it  has  in  the  adult.  In  new-born  infants  it  possesses  a 
margin  which  projects  far  over  the  ball  of  the  finger,  and  which — 
because  it  was  formed  at  an  early  embryonic  period — is  both  much 
thinner  and  also  narrower  than  the  part  formed  later,  which  rests  on 
the  bed  of  the  nail.  This  margin  is  therefore  detached  soon  after  birth. 

(d)  The  Glands  of  the  Skin. 

The  glandular  structures  of  the  epidermis,  which  are  established 
by  invagination,  are  of  three  kinds :  sebaceous,  sweat-,  and  milk- 
glands.  They  all  arise  as  proliferations  of  the  mucous  layer  which 
grow  down  as  solid  pings  into  the  derma,  and  then  undergo  further 
development  either  according  to  the  tubular  or  the  alveolar  type. 

The  sweat-glands  and  the  ear-wax  glands  are  developed  on  the 
tubular  plan.  They  begin  in  the  fifth  month  to  penetrate  from  the 
mucous  membrane  into  the  corium ;  in  the  seventh  month  tlu-y 
acquire  a  small  lumen,  take  a  winding  course  in  consequence  of 
increased  growth  in  length,  and  become  coiled  especially  at  their 
deep  ends,  thereby  giving  rise  to  the  first  fundament  of  the 
glomerulus. 

Sebaceous  glands  and  milk-glands  are  alveolar  structures.  The  former 
are  either  developed  directly  from  the  epidermis,  as,  for  example,  at 
the  edges  of  the  lips,  on  the  prepuce  and  on  the  glans  penis,  or  they 
are  in  close  connection  with  the  hairs,  which  is  the  ordinary  condi- 
tion. In  the  latter  case  they  are  formed  as  solid  thickenings  of  the 
outer  sheath  of  the  root  of  the  hair  near  the  orifice  of  the  follicle. 
even  before  the  hairs  are  completely  developed  (fig.  292  (7,  D,  td) ;  at 
first  they  have  the  form  of  a  flask,  then  they  send  out  a  few  lateral 
buds,  which  develop  club-shaped  enlargements  at  their  ends.  The 
glands  acquire  cavities  by  the  fatty  degeneration  and  disintegration 
of  the  interior  cells,  which  are  eliminated  as  a  secretion. 

The  development  of  the  milk-glands,  which  are  more   voluminous 

organs  entrusted   with  an  important  function  and  peculiar  to  the 

class  Mammalia,  is   of  greater  interest.     Of  the  numerous  works 

that  have  appeared  concerning  them,  the  comparative-anatomical 

.-tigutions  of  GEGENBAUB  especially  have  led  to  valuable  results. 


Nil.    OBQAVI    01     HIE   OITER   GEUM-LAYEK. 

I    |  r.   ,  :  t   M   the  very  beginning  of  the  discussion  the  following 

pn>po>iti..n,  which  is  of  importune.-  in  int.-i -pi -,  ting  the  conditions 

fon  i.  -ilk  ijl-iif!  in  Man  it  not  a  simple  organ,  like  an  ear- 

••I  or  a  submaxillary  salivary  gland,   with  a  simple  outlet,   but 

glandular    complex.      Its    earliest  fundament    has    been 

observe!  in  the  human  embryo  at  the  end  of  the  second  month  as  * 

considerable  thickening  of  the  epidermis  (fig.  295)  upon  the  right 

an<l  of  the  breast.     It  has  arisen  as  the  result  of  a  special 

pr»l:  t'  (ho  mu  con  Inch  has  sunk  into  the  derma 

in  the  form  of  a  henii>pli-Tieal  knob  (40-     ''•'"  "."'li^-.'tioni  arise 

•A.mls  in  the  corneous  layer  also,  by  its  becoming  thickened  and 

projecting  as  a  corneous  plug  into  the  p  n  of  tlio  mucous 

<  h-dinarily  there  i-  found 

u    Mnall    depression   (g)   at    tin-  V  9 

middle   of   the   whole   epithelial 
fundament. 

The  proli  relation  of  the  epi- 
dermis that  first  appears  is  not 
precisely,  as  assumed  by  K  i:  i  x ,  t  h • 
lirst  t'uiulament  of  the  glandular 
parenchyma;  it  therefore  does 
not  correspond  to  the  epithelial 
plugs  which  >ink  into  the  derma 
in  the  development  of  the  sweat  ^  ^ 

and  sebaceous  glands,  because  the  miik-§ land  of  *  remote  k«*a  Mkry» 
the  further  course  of  develop-  v££^^f£2^M.,tm^ 
ment  and  especially  coin  para  •  dqpwkm  at  its  turf**, 

anatomical  studies  show,  that  by 
the  thick,  mm:  of  the  epidermis  there  is  only  an  early  delimit 

tract  of  the  skin,  which  is  subsequently  metamorphosed  into  the 
nipple  area  and  papilla,  and  from  the  floor  of  which  the  separate 
milk  producing  glands  at  length  sprout  forth. 

The  correctness  of  this  view  is  shown  by  the  following  changes : 
In    older   embryos    the   lens-shaped    th  produced    by    the 

proliferation  of  the  epidermis  has  increased  at  t  hcry  and 

has  thereby  become  flattened  (fig.  296  (//*).  At  the  same  time 
more  sharply  defined  at  the  surface,  owing  to  the  derma  becoming 
thickened  and  elevated  into  a  wall  (dw)— the  cutis-wall.  Therefore 
the  whole  fundament  now  has  the  form  of  a  shallow  depression  (df} 
of  the  skin,  for  which  the  name  glandular  area  is  very  appropriate. 
For  there  early  grow  out  from  its  mucous  layer  into  the  derma  solid 
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buds  (dg),  just  as  at  other  places  the  sebaceous  glands  arise  from  the 
epidermis.  In  the  seventh  month  they  are  already  well  developed, 
and  radiate  out  below  and  laterally  from  the  pit-like  depression. 
Their  number  increases  up  to  the  time  of  birth,  and  the  larger  ones 
become  covered  with  solid  lateral  buds  (db).  Each  sprout  is  the 
fundament  of  a  milk-producing  gland,  which  opens  out  on  the 
glandular  area  (df)  by  means  of  a  special  orifice ;  each  is  morpho- 
logically comparable  with  a  sebaceous  gland,  although  its  function 
has  become  different. 

The  name  glandular  area  is  also  a  happily  selected  one 
because  it  presents  a  point  of  comparison  with  the  primitive 
conditions  of  the  Monotremes.  For  in  these  animals  one  does 


Fig.  296. — Section  through  the  fundament  of  the  milk-gland  of  a  female  nun 

long,  after  Huss. 
df,  Glandular  area  ;  die,  gland-wall ;  dg,  duct  of  gland  ;  db,  vesicle  of  gland. 
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not  find,  as  in  the  higher  Mammals,  a  sharply  differentiated 
single  complex  of  milk-glands,  but  instead  a  somewhat  depressed 
area  of  the  skin,  even  provided  with  small  hairs,  over  which  are 
Distributed  single  small  glands,  the  secretion  of  which  is  licked 
up  with  the  tongue  by  the  young,  which  are  born  in  a  very 
immature  state. 

In  tl.e  remaining  Mammals  the  glands,  in  the  former  case 
opening  separately  upon  the  area,  are  united  into  a  single 
organ,  which  better  serves  the  young  in  sucking,  namely  a  p«- 
[nipple]  or  teat,  which  encloses  all  the  outlets  of  the  glands  and  is 
grasped  by  the  mouth  of  the  suckling.  In  Man  their  development 
begins  after  birth.  The  glandular  area,  which  is  encircled  by 
Mi*  nutis-wall  and  which  before  birth  was  depressed  into  a  pit, 
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now    becomes    flattened   until    it   lies    in   the  same    niveau 
the   surrounding   skin.       It  is    distinguished    from   the  latter  by 
its  r.-iM.T  color,  which  is  duo  to  its  greater  vascularity  and  the 
thini  'in:-.     Th.-M   <l:iiing  the  first  years 

hirth   the  middle  *>f  the  glandular  area,  toget!  the 

outlets  (.Indus  lartiferii.  which  then-  O|*>M  out  close  to  one  another, 
is  raised  up  and  becomes  the  nipple,  in  the  derma  <>:  non- 

.  muscle  ill  i  res  are  formed  in  great  numbers;  the  remaining 
part  of  the  area  as  far  as  the  cut  is -wall  becomes  the  areola  m«mm» 
The  metamorphosis  takes  place  somewhat  ear  >•  female  than 

in  the  male. 

Soon  at'ter  hirth  alterations  take  place  in  the  still  feebly  developed 
glandular  tissue.  There  occurs  a  transitory  swelling  of  the  pectoral 
glands  accompanied  with  increased  blood-pressure,  and  it  becomes 
possible  to  press  out  of  the  gland  a  small  quantity  of  a  milky  :' 
the  so-called  witches'  milk.  According  to  KOLUKER  its  formation  is 
due  to  the  originally  solid  ducts  of  the  glands  acquiring  at  this  time 
a  lumen  1'v  the  tatty  degenera  he  central  cells,  which  are 

dissolved,  and,  suspended  in  a  fluid,  are  discharged  from  the  duets. 
According  to  the  inve*<  of  BARFURTD,  on  the  contrary,  the 

so-called  witches'  milk  of  infants  is  the  product  of  a  genuine  tran- 
sitory secretion,  and  is  like  the  real  milk  of  the  mother  I- 
morphological  and  chemical  components. 

After  birth  great  differences  arise  between  the  two  sexes  in 
the    condition    of    tho   milk-glands.      Whereas   in    the    male   the 
glandular    parenchyma    remains    stationary    in    its    developu 
in    the   female  it   begins  to  increase,  especially  at  the   time  of 
.-•\ual   maturity  and  Mill  more  after  the  beginning  of  pregiia 
From    the    first-formed    ducts    of    the    glands    there    grow    out 
numerous   lateral,    hollow   branches,   which    become  covered    i 
hollow    \v>icular    ur  hinds   (alveoli)   lined    with    a    single  lay< 
evliii.lri.  al    i>]»it helium.      At    the  same  time  there  are  developed 
in   tho  *  tissue,  between    the    separate   lobules   of    the 

gland,  numerous  islands  of  fat-cell  i  onsequenoe  the  region 
at  \\hirh  the  complex  of  milk-glands  has  been  formed  swells  into 
a  more  or  less  prominent  elevation,  the  mamma. 

SUMMARY. 

1.  The  development  of  the  hair  is  inaugurated  in  human  embryos 
by  the  growing  down  of  processes  of  the  mucous  layer  of  the 
epidermis — the  hair-germs— into  the  underlying  derma. 
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2.  At  the  deep  end  of  the  hair-germ  the  vascular  hair-papilla 
is  begun  by  a  growth  of  connective  tissue. 

3.  The  epithelial  hair-germ  is  differentiated  into  : — 

(a)  A  young  hair,  by  the  cornification  of  a  part  of  the  cells ; 

(b)  An  actively  growing  cell-layer  situated  between  the  shaft 

of  the   hair   and   the   papilla, — the   bulb, — which   fur- 
nishes the  material  for  the  growth  of  the  hair ; 

(c)  The  outer  and  the  inner  sheaths  of  the  root. 

4.  Around   the   epithelial   part  of   the  fundament    of   the   hair 
there  is  formed  from  the  surrounding  connective   tissue  the  hair- 
follicle. 

5.  The  nails  in  Man  and  the  claws  in  other  Mammals  are  de- 
veloped  from   a   dorsal  fundament — the  nail-plate — and  a  ventral 
fundament — the  plantar  horn. 

6.  The  plantar  horn  in  Man  is  reduced  to  the  nail-welt. 

7.  The  thin  nail-plate  which   is   formed   at  first  is  for  a   time 
covered  with  a  layer  of  cornified  cells,  the  eponychium,  which   in 
Man  is  shed  in  the  fifth  month. 

8.  The  milk-gland  is  a  complex  of  alveolar  glands. 

9.  At  first  there  arises  a  thickening  of  the  mucous  layer  of  the 
epidermis,  which  is  converted  into  the  glandular  area  that  is  after- 
wards marked  off  from  the  surrounding  parts  by  a  wall  and  becomes 
somewhat  depressed. 

10.  From  the  bottom  of  the  glandular  area  there  grow  forth  in 
great  numbers  the  fundaments  of  alveolar  glands. 

11.  After  birth   the   glandular    area,  embracing    the  excretory 
ducts  of  the  glands,  is  elevated  above  the  surface  of  the  skin,  and 
converted  into  the  nipple  and  the  areola  mammse. 

12.  After  birth  there  is  a  transitory  secretion  of  a  small  quantity 
of  milk-like  fluid — the  witches'  milk. 
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CHAPTER  XVII. 

THE  ORGANS  OF  THE  INTERMEDIATE   LAYER    OR 
MESENCHYME. 

THE  grounds  which  made  it  appear  necessary  to  distinguish  in 
addition  to  the  four  epithelial  germ-layers  a  special  intermediate 
layer  or  mesenchyme  have  already  been  given  in  the  first  part  of 
this  text-book.  This  distinction  is  also  warranted  by  the  further 
progress  of  development.  For  all  the  various  tissues  and  organs 
which  are  derived  in  many  ways  from  the  intermediate  layer  allo\v, 
even  subsequently,  a  recognition  of  their  close  relationship.  Histo- 
logically  the  various  kinds  of  connective  substance  have  been  for  a 
long  time  considered  as  constituting  a  single  family  of  tissues. 

It  will  be  my  endeavor  to  emphasise  the  relationship  of  the 
organs  of  the  intermediate  layer,  and  whatever  is  characteristic  of 
them  from  a  morphological  point  of  view,  more  than  has  been 
hitherto  customary  in  text-books,  and  to  do  the  same  in  a  formal 
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\\  iv  by  embracing  these  organs  in  a  chapter  by  themselves  and 

«lisfu»iM.ur  tin-in  uj-an    lV..m   tlio  organs  of  the  i:  :  Idle,  and 

miter  irt  rin  la\  • 

It  i>  tii.    original   province  of  the  intermediate  layer  to  form  a 

packing  :ind  >ust«-ntative  substance  between  tl pithelial  layers,  a 

fact  which  stands  out  with  the  greatest  di-tim-i  ness  parti.-ulai 
the  lower  groups,  as  for  example  in  tin-  <  '<« -Inn. -rate-.      I*        there- 
fore closely  dependent  upon  tin-  epithelial  the.  matter  « 
distribution.      When    the    p-rm-layrr-    are   rai-.-d    up    into   folds,   it 
s  between  the  layers  of  the  fold  as  a  sustentative  lamella : 
\\hen  the  Lrerm -layers  are  folded  inv.                        ves  the  parts  • 
an  being  differentiated  -as  for  exam]                       <»brates,  then*- 
t  uhe,  the  masses  of  tin-  t  ra ;                      ripsd   mu-«-l«-s,  the  secretory 
I  arenchyma  of  glands,  the  optic  cups,  and  the  auditory  vesicles — 
and  pru\ides  them  with  a  special  envelopment  that  adjusts  i 
to   them    (the  membranes  of  the  brain,  the  perimy>ium,  and    the 
connective-tissue  substance  of  the  glands).     In  consequence  of  this 
the  intermediate  layer,  in  the  same  proportion  as  the  germ-layers 
become  more  fully  organic -d.  becomes  itself  con\«  ' 
ordinarily  complicated  framework,  and  resolvt  d  into  thf  n.. 
gent   organs,  by  the  formation  of   evaginations  and   imaginations 
and  the  con>trieting  off  of  pan-. 

The  form  of  the  intnim  dial*-  layrr  thus  pr<  duo«  d  is  of  a  second- 
ary nature,  for  it  is  d.  p<  L-!  inorphosis  of  the  germ- 
layers,  with  which  it  is  most  intimately  connected.  But  in  addi1 
the  intermediate  layer,  owing  to  its  own  great  power  of  metamor- 
phosis, acquires  in  all  higher  organisms,  particularly  in  the  Verte- 
brates, an  intricate  stnu-tm-.-.  ••>pecially  in  the  way  of  histological 
nnorphosis.  In  this  way  it  gives  rise  to  a 

lon^:  various  organs — the  cartilaginous  and  bony  skeletal 

parts,  tl  ses,  and  tendons,  the  blood-vessels  and 

lymphatic  ifhi 

It  is  therefor-    lining  to  t  nter  here  somewhat  more  particularly 
upon  a  di<cu*>ii>n  of  the  /</•///'•//>&  of  histological  d 

ially  to  incniin-  in  what  manner  it  is  concerned  in  the  origin  of 
organs  differentiated  in  the  mes« ; 

The  most  primitive  and  >implt-t  form  of  mesenchyme  isgelatii 
t  isMie.     Not  only  does  it  predominate  in  the  lower  grou;  mals, 

but  it  is  also  the  first  to  be  developed  in  all  Vertebrates,  out  of  the  em- 
bryonic cells  of  the  interiiieu  '*re  the  forerunner  and 
the  foundation  of  all  the  remaining  forms  of  sustentative  substance- 
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In  a  homogeneous,  soft,  quite  transparent  matrix,  which  chemically 
considered  contains  mucous  substance  or  mucin,  and  therefore  does 
not  swell  in  warm  water  or  acetic  acid,  there  lie  at  short  and  regular 
intervals  from  one  another  numerous  cells,  which  send  out  in  all 
directions  abundantly  branched  protoplasmic  processes  and  by  means 
of  these  are  joined  to  each  other  in  a  network. 

In  the  lower  Vertebrates  the  gelatinous  tissue  persists  at  many 
places,  even  when  the  animals  are  fully  grown ;  in  Man  and  other 
Mammals  it  early  disappears,  being  converted  into  two  higher  forms 
of  connective  substance,  either  into  Jibrillar  connective  tissue  or  into 
cartilaginous  tissue.  The  first-named  arises  in  the  gelatinous  matrix 
by  the  differentiation  of  connective-tissue  fibres  on  the  part  of  the 
cells,  which  are  sometimes  close  together,  sometimes  widely  scattered. 
These  fibres  consist  of  collagen  and  upon  boiling  produce  glue. 
At  first  sparsely  represented,  these  glue-producing  fibres  continually 
increase  in  volume  in  older  animals.  Thus  transitional  forms,  which 
are  designated  as  fcetal  or  immature  connective  tissue,  lead  from 
gelatinous  tissue  to  mature  connective  tissue,  which  consists  almost 
exclusively  of  fibres  and  the  cells  which  have  produced  them.  This 
is  capable  of  a  great  variety  of  uses  in  the  organism,  according  as  its 
fibres  cross  one  another  in  various  directions  without  order,  or  are 
arranged  parallel  to  one  another  and  grouped  into  special  cords  and 
strands.  Thus,  in  connection  with  other  parts  derived  from  the  germ- 
layers,  it  gives  rise  to  a  great  variety  of  organs.  In  some  places 
it  forms  the  foundation  for  epithelial  layers  of  great  superficial 
extent ;  together  with  them  it  produces  the  integument,  composed 
of  epidermis,  corium,  and  subcutaneous  connective  tissue,  and  the 
various  mucous  and  serous  membranes ;  in  others  it  unites  with 
masses  of  transversely  striped  muscle,  and  arranges  itself  under 
the  influence  of  their  traction  into  parallel  bundles  of  tense  fibres, 
furnishing  tendons  and  aponeuroses.  Again  at  other  places  it 
takes  the  form  of  firm  sheets  of  connective  tissue,  which  serve  for 
the  separation  or  enveloping  of  masses  of  muscle,  the  intermuscular 
ligaments  and  the  fasciae  of  muscles. 

The  second  metamorphic  product  of  the  primary  mesenchyme, 
cartilage,  is  developed  in  the  following  manner  :  At  certain  places 
the  embryonic  gelatinous  tissue  acquires  as  a  result  of  proliferation  a 
greater  number  of  cells,  and  the  cells  secrete  between  them  a  carti- 
laginous matrix,  chondrin.  The  parts  which  have  resulted  from 
the  process  of  chondrification  exceed  in  rigidity  to  a  considerable 
extent  the  remaining  kinds  of  sustentative  substance,  the  gelatinous 
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gliif-produci:  tissue;    they    are  sharply 

ditl'erentiatrd  1'it'iii  ili-  •  'iMiding.s,  and  become  adn 

in   coiiM-  [luMic*  nf    their    p.-culiar    i  properties,   to   the  as- 

sumption «>f   >pecial  functions.      Cartilage  serves  in   part  to  keep 

;'s  open    (cartilag'  tree).    in 

for  the   protection  of  vital   OKL'  a;  in  a  firm 

ilajjinoiisciai.il::;.  .  .f  th«'   lahvrint  h.   vertebral 

i  for  the  support  of  structures  projecting  from 

the  Mil-face  of  the  body  .imhs,  branchial  rays,  etc.). 

mi"-   tin!'  ::'"rd    firm    p"ints    of    attachment  for 

masses  of  muscle.  imbedded  in  tin-  neighboring  parts 

of  tin*  muscles  entering  into  linn  union  with  them.       In   thi>  ma 
there  1ms  ari-M-n  through  hi  rphoeis  a  different: 

;al    apparatus,    whi.-h    increases   in    coin!  in    the    same 

proporiioii  as  it  acquires  more  manifold  rela-  ii   tlu»  in 

latuiv. 

Cartilaginous  and   conn.  ues,  finally,   are  capable  of  a 

further  histological  metamorphosis,  since  the  last  form  of  sustenta- 
tive  -ul-tnneo,  osseous  tissue,  is  developed  from  them  in  conne 
with  the  secretion  of  salts  of  lime.     There  are  there/ore  bones 

>m  a  cartilaginous  viatrix  and  others  from  one  of  con- 
nective tissue.  With  the  appearance  of  bone,  the  skeletal  apparatus 
of  Vertebrates  has  reached  its  highest  perfection. 

Even  if  the  mesenchymo  has  by  these  processes  experienced  an 

•.ordinarily  high  degree  of  dilV.  i  i  a  great  dive: 

of  form,  the  histological  processes  of  differentiation  which  take  place 
in  it  arw  iifverthel.  ss  not  yet  exhausted  In  the  gelatinous  or 
connective-tissue  matrix  canals  and  spaces  arise  in  which  blood  and 
lymph  move  in  accomplishing  th«ir  function  of  intermediating  in 
the  metastasis  of  the  organism,  not  only  conveying  the 
thuds  to  the  individual  organs,  but  also  conducting  away  both  the 
Bubetanoefl  which—  owing  to  the  chemical  processes  in  the  tissues 

—  have  become   useless  and  the  superfluous  thuds.      Out  of  these 
first  beginnings  arises  a  very  compl  _ranic  apparatus.     The 
larger  cavities  constitute  a  and  acquire  peculiarly 

•ructed     thick    walls,     provided     with     non-striate     muscle 
and    elastic   fibres,    in    which    three   ditTerent   layers   can    be   dis- 
tinguished as  tunica  intiina.  media.  '  ia.     A  small  part 

of  the  blood-passages,  especial!  1   \  y  an  abundance  of 

muscle-cells,  is  converted  into  a  propuLdve  apparatus  for  the  fluid 

—  the    heart.       The   elementary   corpuscles   that    circulate   in   the 
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currents  of  the  fluid,  the  blood-cells  and  lymph-cells,  demand 
renewal  the  more  frequently  the  more  complex  the  metastasis 
becomes.  This  leads  to  the  formation  of  special  breeding  places,  as 
it  were,  for  the  lymph-corpuscles.  In  the  course  of  the  lymphatic 
vessels  and  spaces  there  takes  place  at  certain  points  in  the  con- 
nective tissue  an  especially  active  proliferation  of  cells.  The 
substance  of  the  connective-tissue  framework  assumes  here  the 
special  modification  of  reticular  or  adenoid  tissue.  The  surplus  of 
cells  produced  enters  into  the  lymphatic  current  as  it  sweeps  past. 
According  as  these  lymphoid  organs  exhibit  a  simple  or  a  complicated 
structure,  they  are  distinguished  as  solitary  or  aggregated  follicles,  as 
lymphatic  ganglia  and  spleen. 

Finally  there  are  formed  at  very  many  places  in  the  intermediate 
layer,  as  especially  in  the  whole  course  of  the  intestinal  canal, 
organic  [non-striate]  muscles. 

After  this  brief  survey  of  the  processes  of  differentiation  in  the 
intermediate  layer,  which  are  primarily  of  an  histological  nature,  I 
turn  to  the  special  history  of  the  development  of  the  organs  which 
arise  from  it,  the  blood-vessel  and  skeletal  systems. 


I.  The  Development  of  the  Blood-vessel  System. 

The  very  first  fundament  of  the  blood-vessels  and  the  blood  has 
already  been  treated  of  in  the  first  part  of  this  text-book.  We  will 
therefore  here  concern  ourselves  with  the  special  conditions  of  the 
vascular  system,  with  the  origin  of  the  heart  and  chief  blood-vessels, 
and  with  the  special  forms  which  the  circulation  presents  in  the 
various  stages  of  development,  and  which  are  dependent  on  the 
formation  of  the  foetal  membranes.  In  this  I  shall  treat  separately. 
both  for  the  heart  and  for  the  rest  of  the  vascular  system,  the  first 
fundamental  processes  of  development  and  the  succeeding  altera- 
tions, from  which  the  ultimate  condition  is  finally  evolved. 


A.  The  first  Developmental  Conditions  of  the  Vascular  System, 
(a)  Of  the  Heart. 

The  vascular  system  of  Vertebrates  can  be  referred  back  to  a  very 
simple  fundamental  form — namely,  to  two  blood-vessel  trunks — of 
which  the  one  runs  above  and  the  other  below  the  intestine  in  the 
direction  of  the  longitudinal  axis  of  the  body.  The  dorsal  trunk,  the 
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...    lie>   in    the  attachment    of     the    dorsal     !; 

which  the  intestine  is  connected  to  the  \,-rteb  lal  column:  the, 

trunk,  on  the  contrary,  i-  imbedded  in  the  ventral  mesentery,  as  far, 
at  least,  as  >uch  a  structure  is  ever  established  in  the  Vertebrates;  it 
is  almost  completely  metamorpho^-d  into  the  heart.  The  latter  is 
therefore  nothing  else  than  a  peculiarly  developed  pa-  main 

blood  vessel  pn>\  ided  \\ith  especially  strong  nr 

In  the  first  fundament  of  the  heart  there  are  two  diliennt  types 
to  be  distinguished,  one  of  which  is  present  in  Selachians,  Ganoids, 
Amphibia,  and  <  -yclostomes.  the  other  in  Bony  Fishes  and  the  higher 
Keptiles.  Uirds,  and  Mammals. 

In  the  description  of  the  first  type  I  select  as  an  example  the 


Tig.  297.— Cross  section  through  the  region  of  tha  l.cart  of  an  embryo  of  S*lamandr»  maculosa. 
in  which  the  fourth  visceral  arch  is  indicated,  after 

;  cm,  visceral  middle  layer ;  ep,  epidermis ;  Ih,  anterior  part  of 

the  body-cavity  (pericardio-thoracic  cavity)  ;  end,  endocardium  ;  p,  pericardium  ;  vkg,  mmo 
cardium  anterius. 

development   of   the    heart    in    the  Amphibia,  concerning  which  a 

detailed  account  ha>  \vi  ly  been  publislied  !• 

In    Amphibia   the  heart    :  lished  very   fa.  1  in  the 

embryonic  body,   undern.ath   the  pharynx  »»r  :  the  head-gut 

L'07,  298).     The  embry,.i.i.-  1  o.ly  ,-avity  (tt)  reaches  into  this 
region,  and  in  cross  sections  appears  upon  both  sides  of  the  nv 
plant-  as  a  narrow  Bsmu  .  d  halves  of  the  body-cavity  are 

>epai at ed  from  each  other  by  a  \entral  mesentery  (vhg),  by  means 
of  \\liich  the  under  surface  of   the  p'.  the  wall 

of  the  body.     If  we  examine  th-  y  more  closely,  we 

ol»erve  that  in  its  middle  the  two  IUCM-M  y»»rs  from  which   it 

loped  separate   from   each   other  and  a  :nall 

cavity   (/<)   to  the    primiii\  i 
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rounded  by  a  single  layer  of  cells,  which  is  afterwards  developed 
into  the  endocardium  (end).*  Outside  of  the  latter  the  adjacent 
cells  of  the  middle  germ-layer  are  thickened ;  they  furnish  the 
material  out  of  which  the  cardiac  musculature  (the  myocardium)  and 
the  superficial  membrane  of  the  heart  (pericardium  viscerale)  arise. 
The  fundament  of  the  heart  is  attached  above  [dorsally]  to  the 
pharynx  (d)  and  below  to  the  body-wall  by  the  remnant  of  the 
mesentery,  which  persists  as  a  thin  membrane.  We  designate  these 
two  parts  as  the  suspensory  ligaments  of  the  heart,  as  back  [dorsal] 
and  front  [ventral]  cardiac  mesenteries  (hhg,  vhg),  or  as  mesocardium 
posterius  and  anterius.  At  this  time  there  is  nothing  to  be  seen  of 
a  pericardial  sac,  unless  we  should  designate  as  such  the  anterior 

[ventral]  region  of  the  body- 
cavity,  from  which,  as  the 
further  course  of  development 
will  show,  the  pericardium  is 
chiefly  derived. 

In  the  second  type,  the  heart 
arises  from  distinct  and  widely 
separated  halves,  as  the  con- 
ditions in  the  Chick  and  the 
Rabbit  most  distinctly  teach. 

In  the  Chick  the  first  traces 
of  the  fundament  may  be  de- 
monstrated at  an  early  period, 
in  embryos  with  four  to  six 
primitive  segments.  They 
appear  here  at  a  time  when 
the  various  germ-layers  are  still  spread  out  flat,  at  a  time  when  the 
front  part  of  the  embryonic  fundament  first  begins  to  be  elevated  as 
the  small  cephalic  protuberance,  and  the  cephalic  portion  of  the  intes- 
tine is  still  in  the  first  phases  of  development.  As  has  already  been 
stated,  the  intestinal  cavity  in  the  Chick  is  developed  by  the  folding 
together  and  fusion  of  the  intestinal  plates  [splanchnopleure].  If 
one  examines  carefully  the  ridge  of  an  intestinal  fold  in  the  very 
process  of  being  formed  (fig.  299  A  df),  one  observes  that  its  visceral 
middle  layer  is  somewhat  thickened,  composed  of  large  cells,  and 
separated  from  the  entoblast  by  a  space  filled  with  a  jelly-like  matrix. 
In  the  latter  there  lie  a  few  isolated  cells,  which  subsequently 

*  Relative  to  the  origin  of  the  endothelial  sac  of  the  heart,  compare  the 
observations  given  on  page  1RG. 


Fig.  298. — Gross  section  from  the  same  series  e.r 
that  from  \vhich  fig.  297  was  drawn,  after 
RABL. 

d,  Epithelium  of  the  intestine  ;  vm,  visceral,  pm, 
parietal  middle  layer ;  hhg,  posterior,  vhg, 
anterior  mesocardium  ;  end,  endocardium ; 
h,  cavity  of  the  heart ;  Ih,  ventral  part  of  the 
body-cavity ;  ep,  epidermis. 
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Fig.  299.  Three  diagrams  to 
illustrate  the  formation  of 
the  heart  in  the  Chick. 
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M  a  cardiac  suYiicnsorium  formed  by  the  visceral  middle  layers,  the 
»!.:.  ii  .•!,.  .  tonal  1  and  aa  under  part    aesocardUsa 

int.  i  uis  ("  }.     \\y  means  of  this  mesocardium  the  priniiUve  body-cavity  is  teuputarily  divided 
ii^>  tn 
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surround  a  small  cavity,  the  primitive  cardiac  cavity  (7i).  These  cells 
assume  more  of  an  endothelial  character.  While  the  intestinal  folds 
grow  toward  each  other,  the  two  endothelial  tubes  become  enlarged 
and  push  the  thickened  part  of  the  visceral  middle  layer  before  them, 
so  that  the  latter  forms  a  low,  ridge-like  elevation  into  the  primitive 
body-cavity.  In  the  embryos  of  higher  Vertebrates  also,  just  as  in 
the  Amphibia,  this  stretches  forward  into  the  embryonic  fundament 
as  far  as  the  last  visceral  arch,  and  has  here  received  the  special  name 
of  neck-cavity  or  parietal  cavity. 

In  older  embryos  (fig.  299  B)  the  edges  of  the  two  folds  have  met 
in  the  median  plane,  and  consequently  the  two  cardiac  tubes  have 
moved  close  together.  A  process  of  fusion  then  takes  place  between 
the  corresponding  parts  of  the  two  intestinal  folds. 

First  the  entoblastic  layers  fuse,  and  in  this  way  is  produced 
(fig.  299  B)  beneath  the  chorda  dorsalis  (ch)  the  cavity  of  the  head-gut 
(d),  which  then  detaches  itself  from  the  remaining  part  of  the  ento 
blast  (fig.  299  C  db)  \  the  latter  is  left  lying  on  the  yolk  and  becomes 
the  yolk-sac.  Under  the  cavity  of  the  head-gut  the  two  cardiac 
sacs  have  come  close  together,  so  that  their  cavities  are  separated 
from  each  other  by  their  own  endothelial  walls  only.  By  the  break- 
ing through  of  these  there  soon  arises  from  them  (K)  a  single  cardiac 
tube.  On  the  side  toward  the  body-cavity  this  is  covered  by  the 
visceral  middle  layer  (mk2),  the  cells  of  which  are  distinguished  in 
the  region  of  the  fundament  of  the  heart  by  their  great  length  and 
furnish  the  material  for  the  cardiac  musculature,  while  the  inner 
endothelial  membrane  becomes  only  the  endocardium. 

The  whole  fundament  of  the  heart  lies,  as  in  the  Amphibia,  in  a 
ventral  mesentery,  the  upper  [dorsal]  part  of  which,  extending  from 
the  heart  to  the  head-gut  (fig.  299  G  +),  can  here  also  be  called  the 
dorsal  suspensory  of  the  heart  or  mesocardium  posterius,  and  the 
lower  [ventral]  part  (*)  mesocardium  anterius.  In  the  Chick,  when 
the  cardiac  tube  begins  to  be  elongated  and  bent  into  an  S-shaped 
form,  the  mesocardium  anterius  quickly  disappears. 

Similar  conditions  are  furnished  by  cross  sections  through  Rabbit 
embryos  8  or  9  days  old.  In  the  latter  the  paired  fundaments  of  the 
heart  are  indeed  developed  still  earlier  and  more  distinctly  than  in  the 
Chick,  even  at  a  time  when  the  entoderm  is  still  spread  out  flat  and 
has  not  yet  begun  to  be  infolded.  Upon  cross  sections  one  sees 
(fig.  301),  in  a  small  region  at  some  distance  from  the  median  plane, 
the  splanchnopleure  separated  from  the  somatopleure  by  a  small 
fissure  (ph),  which  is  the  front  end  of  the  primitive  body-cavity.  At 


THE  ORGANS  OP  THE  INTERMEDIATE  LAYER  OR  MESENCHYME.  547 

this  place  the  visceral  middle  layer  (ahh)  is  also  raised  up  somewhat 
from  the  entoderm  (sw),  so  that  it  causes  a  projection  into  the  body- 
cavity  ( ph).  Here  there  is  developed  between  the  two  layers  a  small 
cavity,  which  is  surrounded  by  an  endothelial  membrane  (ihh\  the 
primitive  cardiac  sac.  At  their  first  appearance  the  halves  of  the 
heart  lie  very  far  apart.  They  are  to  be  seen  both  in  the  very 
slightly  magnified  cross  section  (fig.  300)  and  also  in  the  surface  view 
of  an  embryo  Rabbit  (fig.  302)  at  the  place  indicated  by  h.  They 


dd 


ahh 


Fig.  301. 


Figs.  300,  301.— Cross  section  through  the  head  of  an  embryo  Raboit  of  the  same  age  as  that 
shown  in  fig.  302.  From  KOLLIKER.  Fig.  301  is  a  part  of  fig.  300  more  highly  magnified. 

Fig.  300. — h,  h',  Fundaments  of  the  heart ;  ar,  oesophageal  groove. 

Fig.  301. — r/,  Dorsal  groove  ;  mp,  medullary  plate  ;  na,  medullary  ridge  ;  h,  outer  germ-layer  ; 
dd,  inner  germ-layer  ;  JJ't  its  chordal  thickening  ;  sp,  undivided  middle  layer ;  Tip,  parietal, 
dfp,  visceral  middle  layer  ;  ph,  pericarJial  part  of  the  body -cavity  ;  ahh,  muscular  wall  of 
the  heart ;  ihh,  endothelial  layer  of  the  heart ;  mes,  lateral  undivided  part  of  the  middle 
layer  ;  aw,  intestinal  fold,  from  which  the  ventral  wall  of  the  pharynx  is  formed. 


afterwards  move  toward  each  other  in  the  same 'manner  as  in  the 
Chick  by  the  infolding  of  the  splanchnopleure,  and  come  to  lie  on 
the  under  side  of  the  head-gut,  where  they  fuse  and  are  temporarily 
attached  above  and  below  by  means  of  a  dorsal  and  ventral  mesentery. 
Concerning  the  processes  of  development  just  sketched  the  question 
may  be  raised  :  What  relation  do  the  paired  and  the  unpaired  funda- 
ments of  the  heart  sustain  to  each  other  ?  It  is  to  be  answered  to 
this,  that  the  unpaired  fundament  of  tlie  heart,  which  is  present  in  the 
lower  Vertebrates,  is  to  be  regarded  as  the  original  form.  The  double 
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heart-formation,  however  aberrant  it  at  first   sight   appears,  can  be 
easily  referred  back  to  this. 

A    single    cardiac    tube    cannot    be    developed    in    the    higher 

Vertebrates,  because  at  the 
time  of  its  formation  a  head- 
gut  does  not  yet  exist,  but 
only  the  fundament  of  it  is 
formed  in  the  still  flat  ento- 
derm.  The  parts  which  will 
subsequently  form  the  ventral 
wall  of  the  head-gut,  and  in 
which  the  heart  is  developed, 
are  still  two  separated  terri- 
tories; they  still  lie  at  some 
distance  from  the  median 
plane  at  the  right  and  at 
the  left.  If  therefore  it  is 
necessary  for  the  heart  to  be 
formed  at  this  early  period, 
it  must  arise  in  the  separated 
regions,  which  by  the  process 
of  infolding  are  joined  into 
a  single  ventral  tract.  The 
vessel  must  arise  as  two  parts, 
which,  like  the  two  intestinal 
folds,  subsequently  fuse. 

Whether  the  heart  is  formed 
in  one  way  or  the  other,  in 
either  case  it  has  for  a  time 
the  form  of  a  strai^l 
lying  ventral  to  the  head -gut 
and  composed  of  two  tubes  one 
within  the  other,  which  arc 
separated  by  a  large  >}>.ur 
assumably  filled  with  a  gela- 
tinous  matrix.  The  inner, 
endothelial  tube  becomes  the 
endocardium  ;  the  outer  tube, 

which  is  derived  from  the  visceral  middle  layer,  furnishes  the 
foundation  for  the  myocardium  and  the  pericardial  membrane  that 
immediately  invests  the  surface  of  the  h* 


up 


Fig.  802.—  Embryo  Rabbit  of  the  ninth  day,  seen 
from  the  dorsal  side,  after  KOLLIKER.  Mag- 
nified 21  diameters. 

The  axial  (stem-)  zone  (stz)  and  the  parietal  zone 
(7*2)  are  to  be  distinguished.  In  the  former  8 
pairs  of  primitive  segments  have  been  formed 
at  the  side  of  the  chorda  and  neural  tube. 

ap,  Area  pellucida  ;  rf,  dorsal  groove  ;  vh,  fore 
brain  ;  ab,  optic  vesicle  ;  mh,  mid-brain  ;  hit, 
hind-brain  ;  uw,  primitive  segment ;  stz,  axial 
zone  ;  pz,  parietal  zone  ;  h,  heart ;  pit ,  , 
<lial  part  of  the  body-cavity  ;  rd,  margin  of  the 
anterior  intestinal  portal  showing  through  the 
overlying  structures ;  «/,  fold  of  the  aninion  ; 
10,  t ena  omphalomesentt 
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(A)    '/A.   Fir*  /'      '  r  -..'Htal  Condition*  of  the  Large  VeueU.     Vitdlin* 
Cin  and  Plu<  fion. 

At  both  en<U,  in  front  ;u,,I  behind,  the  heart  i-  continuous  with 
tin-  trunks  ,-f  Mo.,:  i,  have  been  established  at  the  same 

time  with  it.     Tin-  anterior  oc  ait.  he  cardiac  tube  is 

elongate.!  into  an  unpaired  vessel.  the  fnnicu*  arterio»utt  which  con- 
tinues the  forward  course  under  the  head  gut,  and  is  divided  in  the 
re-ion  of  die  tirst  \i-c,-;-ai  arch  into  two  arms,  which  embrace  the 
head-gut  on  the  right  an  1  leti  an-1  ascend  within  t  ho  arch  to  the 
dorsal  surtac.  ..t  t!u»  emhi -\M.  Here  they  bend  around  and  run  back- 
ward  in  the  longitudinal  a\i-  of  tin-  l-o-lv  to  the  tail  .-nd.  These 
t\\o  \TS>I -Is  are  the  primitive  aorta*  (figs.  107,  116  oo);  they  take 
their  i-onr-e  on  either  side  of  the  chorda  dorsalis,  above  the  entoderm 
and  In-low  the  {.riinitive  segments.  They  give  off  lateral  branches, 
among  which  the  tirt'-rnr-  »iti/>halomesenterica!  are  in  the  Amniota 
tlistin.iruisln  d  by  their  great  size.  These  betake  themselves  to  the 
yolk-sac  and  conduct  the  greatest  port!--:  Mood  from  th« 

primitive  aorta?  into  the  area  vasculosa,  where  it  goes  through 
vitelli.' 

In  the  Chick,  the  condition  «>f  which  form  the  ba- 
•mt   (tig.  303),  the  two  vitelliim  arteries  (K.< 

the  aortie  at  some  distance  from  their  tail-ends,  and  pa.—  nilly 

from  the  .  inhrynic  fun.lai:  ,, -en entoderm  and  visceral  n» 

layer  into  the  area  pelh  verse  the  hem- 

selves  in  the  vascular  area.     They  are  here  resolved  into  a  fine 
work  of  vessels,  which  lie,  as  a  cross  section  (fig.  116)  sho\\ 
inesenchyme  between  the  entoderm  and  the  visceral   : 
and    which   are  >harply  bounded  a'  edge  (toward 

viulline  an  -a)  by  a  large  marginal  vessel  (fig.  303  S.T),  the  sinu> 
minalis.     The  latter  forms  a  ring  which  is  e\  ••  closed,   \ 

the  except  ion  «-f  a  >inall  region  which  lies  in  front,  at  the  place 
where  the  nnniotic  sheath  has  been  developed. 

I  rom  the  vascular  area  the  blood  is  collected  into  several  large 
venous  trunks,  hy  means  of  \\hich  it  is  conducted  back  to  the  heart. 
From  the  front  part  of  the  marginal  sinu> 

•  tluur    «li*rtPI*4    which    run    in    a  from   in 

front  backwards  ami  also  receive  lateral  branches  from  the  vascular 
network.      From  the  himl  part  of  the  sinus  ter minalis  the  blood  is 
taken  up  by  the  veiue  vitellinse  posteriores,  of  which  the  one  of 
left  side  is  larger  than  the  one  of  the  right;  the 
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degenerates  more  and  more.  From  the  sides  likewise  there  come 
still  larger  collecting  vessels,  the  venae  vitellinse  laterales.  All 
the  vitelline  veins  of  either  side  now  unite  in  the  middle  of  the 
embryonic  body  to  form  a  single  large  trunk,  the  vena  ompJialo- 


Vitelline  area. 


Vitelline  area. 


SX. 


S.(hV. 


sr*- 


sx. 


Fig.  303.—  Diagram  of  the  vascular  system  of  the  yolk-sac  at  the  end  of  the  third  day  of 
incubation,  after  BALFOUR. 

The  whole  blastoderm  has  been  removed  from  the  egg  and  is  represented  as  seen  from  below. 
Hence  what  is  really  at  the  right  appears  at  the  left,  and  vice  virtd.  The  part  of  the  area 
opaca  in  which  the  close  vascular  network  has  been  formed  is  sharply  terminated  at  its 
periphery  by  the  sinus  terminalis,  and  forms  the  vascular  area;  outside  of  the  latter  lies  the 
vitelline  area.  The  immediate  neighborhood  of  the  embryo  is  free  from  a  vascular  net- 
work, and  now,  as  previously,  is  distinguished  by  the  name  area  pellucida. 

H,  Heart;  A  A,  aortic  arches;  Ao,  dorsal  aorta;  L.Of.A,  left,  R.Of.A,  right  vitelline  artery; 
S.T,  sinus  terminalis  ;  L.Of,  left,  R.Of,  right  vitelline  vein  ;  S.  V,  sinus  venosus  ;  D.C,  ductr.s 
Cuvieri  ;  S.Ca.V,  superior,  V.Ca,  inferior  cardinal  vein.  The  veins  are  left  in  outline; 
the  arteries  are  black. 

mesenUrica  (R.Of  and  L.Of),  which  enters  the  posterior  end  of  the 
heart  (H). 

Ill-  motion  of  the  blood  begins  to  be  visible  in  the  case  of  the 
Chick  as  early  as  the  second  day  of  incubation.  At  this  time 
the  blood  is  still  a  clear  fluid,  which  contains  only  few  formed 
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'•"in)  the  mod  > 'lood-corpuscles  sti  ie  to 

lie  in  groups  ,,,,   tin-  ualU  o|  the  tube*. 

ouiij  described  WooMiUmd*  (fig.   11  h.  which  mise  the  red- 

be>prinkl«-d  ftppS*nUM6  of  the  VMOOlM  MM,  //<•  «mtraciiotu  oj 
tin*  Jti-'ii't.  liy  \\hich  the  blood  is  set  in  motion,  are  at  first  slow  and 
then  become  more  and  more  rapid.  On  the  average,  according  to 
PBIYER,  the  strokes  then  amount  bo  LBO-— lfl 

tin-  Erequenoy  of  pulsfttioofl  is  largely  depen<i  external 

intluenecs;  it  increases  with  the  elevation  ..f  the  temperature  of 
incubation  and  diminishes  at  .-very  depression  of  it,  as  well  as  when 
the  egg  i-  t.)  rued  l'"r  Mudy.  At  tli«»  time  when  the  heart  begin*  to 
1'iilsuto.  no  muscle-librill:«-  have  been  demonstrat'-d  in  the  myocar- 
dium ;  from  thi^  roult-  tli--  int.-i .-( n._  purely  j.roto- 
plaMiiic.  Mill  iindiU'civntiatrd  o-ll>  an-  in  a  OOU  rong 
rhythmical  contractions. 

At  the  end  of  th«-  thinl   or  t'onrth  .i 

in  tho  Chick  is  at  its  hi«rh  «>t  development ;  it  has  undergone  some 
slight  chant's.  \\'c  lind  instead  of  a  single  va  .etwork  a 

double  one,  an  arterial  ami  a  v«-n'»u-.     The  arterial  network,  which 

he  Mooil  t'l-Din  the  \itrlline  u  •  s  deeper,  nearer  \' 

yulk.  while  the  venous  spreads  it>elt'  out  above  t)i«-  former  and  i* 
adjacent  to  the  visceral  middle  layer.  The  cii  :  blood  is 

diMii.giii-hed  by  the  abundance  of  its  blood-corpuscles,  the  blood- 
island-  ha\  iiii:  entirely  .r-appr;: 

Til-  is  twofold.     Fit>t  it  serves 

io\i<le  the  bl.dd  with   t'xygrn,  op|H.i  •  ;uiring  \\hich 

is  afforded  by  the  whole  vascular  network  bring  >pread  out 
at  the  surface  of  the  egg.  Secondly  it  serves  to  bring  nun 

MlhMailce^   to    the    eml   :  tS    below     |  MaSt 

are  disassociated,  liquefied,  and  taken  up  into  the  blood-vessels,  by 

which  they  are  carrir.  1  to  t  he  embryo,  where  they  serve  as  nun-. 
for  the    rapidly   dividing   cells,      'i  the  embryonic    body 

increases  in  size  at  the  expense  of 
sac,  which  becomes  liquefied  and  absorbed. 

Thr  >\  -tem  of  vitclline  blood-vessels  in  Mammals  agrees  in  general 
with  that  of  the  Chirk  nguished  from  the  latt«  ; 

some  unimportant  points,  which  do  not  need  to  be  discussed.      I 

.    thi>   (jtirstion   eeitainly   arises •    What    si^:  D    has    a 

vitelline  circulation    in    Mamm.iK   i  lig.  134  d*  o  egg  is 

furnished  with  only  a  small  amount  of  yolk-material  I 

Two  things  are  ;  <*  kept  in  mind  :  lirst.  B  eggs  of 
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Mammals  were  originally  provided  with  abundant  yolk -material,  like 
those  of  Reptiles  (compare  p.  222),  and,  secondly,  that  the  blasto- 
dermic  vesicle,  which  arises  after  the  process  of  cleavage,  becomes 
greatly  distended  by  the  accumulation  within  it  of  a  fluid  very  rich 
in  albumen,  furnished  by  the  walls  of  the  uterus.  Out  of  this  vesicle 
likewise  the  vitelline  blood-vessels  undoubtedly  take  up  nutritive 
material  and  convey  it  to  the  embryo,  until  a  more  ample  nutrition 
is  provided  by  means  of  the  placenta. 

In  addition  to  the  vitelline  blood-vessels  there  arises  in  the  higher 
Vertebrates  a  second  system  of  vessels,  which  is  distributed  in  tJie 
fatal  membranes  outside  the  embryo  and  for  a  time  is  more  developed 
than  the  remaining  vessels  of  the  embryo.  It  serves  for  the 
allantoic  circulation  of  Birds  and  Reptiles  and  the  placental  circu- 
lation of  Mammals. 

When  in  the  Chick  the  allantois  (PI.  I.,  fig.  5  al}  is  evaginated 
from  the  front  [ventral]  wall  of  the  hind-gut,  and  as  an  ever 
increasing  sac  soon  grows  out  of  the  body-cavity  through  the  dermal 
umbilicus  into  the  coelom  of  the  blastodermic  vesicle  between  the 
serosa  and  the  yolk-sac,  there  appear  in  its  walls  two  blood-vessels, 
which  grow  forth  from  the  ends  of  the  two  primitive  aortse — the 
umbilical  vessels,  or  arteries  umbilicales.  The  blood  is  again  collected 
from  the  fine  capillary  network,  into  which  these  vessels  have  been 
resolved,  into  the  two  umbilical  veins  (venae  umbilicales),  which, 
after  having  arrived  at  the  navel,  pass  on  to  the  two  Cuvierian 
ducts  (see  p.  577)  and  pour  their  blood  into  these  near  the  entrance 
of  the  latter  into  the  sinus  venosus.  The  terminal  part  of  the 
right  vein  soon  atrophies,  whereas  the  left  receives  the  lateral 
branches  of  the  right  side  and  is  correspondingly  developed  into  a 
larger  trunk.  This  now  also  loses  its  original  connection  with  the 
ductus  Cuvieri,  since  it  effects  with  the  left  hepatic  vein  (vena 
hepatica  revehens)  an  anastomosis,  which  continually  becomes  larger 
and  finally  carries  the  whole  stream  of  blood.  Together  with  the  left 
hepatic  vein  the  left  umbilical  vein  then  empties  directly  into  the 
sinus  venosus  at  the  posterior  margin  of  the  liver  (HOCHSTETTER). 

The  umbilical  and  vitelline  veins  undergo  opposite  changes  in 
calibre  during  development:  while  the  vitelline  circulation  is  wrll 
developed,  the  umbilical  veins  are  inconspicuous  stems  ;  afterwards, 
however,  with  the  increase  in  the  size  of  the  allantois  they  enlarge, 
whereas  the  vente  omphalomesentericie  undergo  degeneration  and  in 
the  same  proportion  as  the  yolk- >ac  l>v  the  absorption  of  the  yolk 
becomes  smaller  and  loses  in  significance. 
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i':>r   as  regard  -    tl,.-  purpose  of  the   umbilical  circulativ* 
Mih.M-rve>  in  I;  ion  of  respiration.     Foi 

allantoi>.   when   it    has  become  larger,  in  the  Chick  for  example, 

applies   it -t-lf   cl«».  -ly   in  the  serottu  :   the 

vicinity  ..»'  the  air-ehainhcr  and  und-Tii'-at  1.  tin*  shell,  SO  that  the 
Mood  cin-ulaiini:  in  it  can  enter  into  an  exchange  of  gates  with  the 
atmospheric  air.  It  loMI  it-  importance  for  re*pi  ogg 

only  at   the  moment    \sli.-utli.-   r|,i.  k  hcak    Livak 

the  surrounding  emhryonie  in.-inl.i-an.>.  and  hreathes  di  •  •  air 

;ined  in    tin-  aii-  chamher.       \-\>r  tin-  OOodttioOl 
are  now  ah' red  tln-ou^lioui   tli.-  whole  body,  since  with  the  I- 
nin^r  of  the  process  <>i'  i-.-|.'n-ai  i.»n  tl..-  lungs  are  in  a  coi*-- 
up  a   uM.atri   .[tiantityof  blood,  resulting  in  a  degeneration  oi 
ui:iliilira!  compare  also  p.  584). 

Tin-   iituliil'n'iil  cr  J  umal*  (fig.    139  Af) 

|'lay>    a    still    more   import  ,     for   here   the   t\\o   uml> 

artrri.-s  «>n\ey  the  blood  to  the  placenta.     After  the  blood  has 
1'tM-n  ladi'n   in   this  oriran   with  oxj'gen  and   nutritive  substances,  it 
tlo\v>    hack    a^ain    to  tlie   heart,   at    lirst    through    t\. 
unihilical  v.  in  (j>.  5S4). 


A'.   //     /'»rf/ter  Development  of  the  Vascular  System  up  to  the 

(a)  The  Metamorphosis  of  th>  to  a  Heart 

>ra. 

As  has  been  >lu»wn  in  a  pi.  ceding  set '  a  Verte- 

originally  has  for  a  short  time  the  form  of  a  straight  sac,  v  i 
sends  oil'  at  its  anterior  end  the  two  .  dies,  whi 

i  end  the  two  omphalomesenteric  veins.     The 
ies  far  forward  immediately  behind  the  head  on  the  ventral  side 
of  the  neck  (tig.  ••  ngation  of  the  body-ca 

parietal  or  cervical  cavity).     It  is   here  attached   by  means  of  a 
mesentery  of  onh  which  stretches  from  the  alimei. 

canal  to  the   ventral  wall  of  the  throat  d  by 

the  cardiac  >ac  itself  into  an  upper  [dorsal]  and  an  under  part,  or 
mesocardimu  |M»tn-iu>  and  anU-i 

During  the    first  period  of   finhr\  lopment  the  heart  is 

distiiiiruishi'd  h\  a  vt-ry  considerable  growth,  especially  in  the  longi- 
tudinal direction;  consequently  it  soon  ceases  to  li  necessary 
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rcom  for  itself  as  a  straight  sac,  and  is  therefore  compelled  to  bend 
itself"  into  an  S-shaped  loop  (fig.  304).  It  then  takes  such  a  position 
in  the  neck  that  one  of  the  bends  of  the  S,  which  receives  the 
vitelline  veins  or,  let  us  say  briefly,  the  venous  portion,  comes  to  lie 
behind  and  at  the  left ;  the  other  or  arterial  portion,  which  sends 
off  the  aortic  arches,  in  front  and  at  the  right  (fig.  305). 

But  this  initial  position  is  soon  altered  (figs.  305,  313)  by  the  two 

curves  of  the  S  assuming  another 
relation  to  each  other.  The  venous 
portion  moves  head  wards,  the  arterial, 
on  the  contrary,  in  the  opposite  direc- 
tion, until  both  lie  approximately  in 
the  same  transverse  plane.  At  the 
same  time  they  become  turned  around 
the  longitudinal  axis  of  the  embryo, 
the  venous  loop  moving  dorsally,  the 
arterial,  on  the  contrary,  ventrally. 
Seen  from  in  front  [ventral  aspect] 
one  hides  the  other,  so  that  it  is  only 
in  a  side  view  that  the  S-shaped  cur- 
vature of  the  cardiac  sac  is  distinctly 

if®§W •    rm  .  * 

f .' ^mar^-S^ ,  us        recognisable. 

By  the  increase  in  the  size  of  this 
viscus  the  anterior  part  of  the  body- 
cavity  is  already  greatly  distended,  and 
becomes  still  more  so  in  later  stages, 
when  there  is  produced  a  very  thin-walled 
elevation,  that  projects  out  to  a  great 
distance  (figs.  157  k,  314).  Inasmuch 
as  the  heart  completely  fills  the  cavity, 
and  is  covered  in  by  only  the  thin, 
transparent,  and  closely  applied  wall  of 
the  trunk, — the  membrana  reuniens 

inferior  of  RATHKE, — it  appears  as  though  at  this  time  the  h- 
were  located  entirely  outside  of  the  body  of  the  embryo. 

After  the  completion  of  the  twisting,  there  is  effected  a  division  of 
the  S-shaped  sac  into  several  successive  compartments  (figs.  306,  308). 
The  venous  portion,  which  has  become  broader,  and  the  arterial  part 
are  separated  from  each  other  by  a  deep  constriction  (ok)  and  can  now 
be  distinguished  as  atrium  (vh)  and  ventricle,  while  the  constricted 
region  between  the  two  may  be  indicated,  by  a  designation  introduced 


Fig  304.— Head  of  a  Chick  incubated 
68  hours,  seen  from  the  dorsal 
face,  after  MIHALKOVICS.  Mag- 
nified 40  diameters. 

The  brain  is  divided  into  4  vesicles  : 
pvh,  primary  fore-brain  vesicle  ; 
mh,  mid-brain  vesicle  ;  kh,  hind- 
brain  vesicle ;  nh,  after-brain 
vesicle;  au,  optic  vesicle ;  h,  heart 
(seen  through  the  last  brain- 
vesicle)  ;  vo,  vena  ompbalomesen- 
terica ;  us,  primitive  segment ; 
rm,  spinal  cord  ;  x,  anterior  walJ 
of  brain,  which  is  evaginated  to 
form  the  cerebrum. 
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1  >  y  1 1  A  i  i  i  .  1-68  a 

.striking  form.  >incr-  it-  t\\..  Li- ral  walls  develop  large  •  'ings 

free  edges  of 

tin-   latter,   which   in   addition  soon  acquire  notches,  IIP 

ward,  and  >ul>MM|u«'nt  ly  enfold  more  .. 

heart,  th<-  truncu-  ai  terio -'  ml  a  part  of  the  surface  of 

ventricle, 

Tin-  auricular  ca : 

narrowed  place  in  t h.-  eardia  •  bube      Owing  bo  'ho  great  flattening 

of   its  endot  I.elial  tulx*  in   '  .!•>  almost 


Fig.  805. 

Fig.  305.  -Heart  of  A  human  embryo,  the  body  of  which  w, 
II  pare  fig.  313.] 

:  uiu -us  arteriosns  ;  K,  venoiu  end  of  the  S-*h«pej  cardiac  me. 

lig.  306. -Heart  of  a  human  embryo  that  waa  4  3  mm.  long.  ot«k  mti»ur«ment  (onbryo  Bl), 

Mincus  arti-riosus  ;  ok,  caiialis  auricuUiru  ;  iA,  atiiiun  with  the  h<art-OTtifii«g 
ho  (auriculae  cordu). 


coming  into  contact, — the  passage  between  UT 

n-ducrd  to  a  narrow  tr:m>\vrM-  fissure.     It  is  here  that  the  atrio- 
'ricular  valves  are  afterward-  «l«-vel«'j»e<L 

•   of   tli.    Mum.  presents  the  form  of  a 

curved  tube  (figs.  305,  306  A),  which  however  soon  changes 
1  MI  a1    i  \eiy  <  aily  period  th.  -re  is  observable  on  its  anterior  [ventral] 
and  posterior sttrfaoei  .1   diattoi   I'irrow  running  from  above  d^ 
\\ard.  tli.  /-it  (6g.  307*'  allows  a  left 

and  a  right  halt' of  the  \vntricle  to  I*  'iy.      The 

latter  is   the  narmw.  r.   .nd    m    •  i    upward  into    the  truncus 

artei  ginning  "f  which   is  >oni««what   enlarged 
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designated  as  bulbus.  Between  bulbus  and  ventricle  lies  a  place 
that  is  only  slightly  constricted,  called  the  fretum  Halleri ;  it  was 
recognised  even  by  the  older  anatomists,  then  remained  for  a  time 
little  regarded,  and  now  has  been  again  described  as  noteworthy  by 
His.  For  it  marks  the  place  at  which  subsequently  the  semilunar 
valves  are  established. 

During  the  externally  visible  changes  of  form,  some  alterations 
are  also  progressing  in  the  finer  structure  of  the  walls  of  the  heart. 
As  previously  remarked,  the  fundament  of  the  heart  consists  in  the 
beginning  of  two  sacs,  one  within  the  other — an  inner  endothelial 
tube  lined  with  flat  cells,  and  an  outer  muscular  sac  consisting  of  cells 

with  abundant  protoplasm 
and  derived  from  the 
middle  germ-layer.  The 
two  are  completely  sepa- 
rated from  each  other  by 
a  considerable  space,  which 
is  probably  filled  with  gela- 
tinous substance. 

The  endothelial  tube  is  in 
general  a  tolerably  faithful 
copy  of  the  muscular  sac, 
yet  the  narrower  and  wider 
regions  are  more  sharply 
marked  off  from  one  an- 
other in  the  former  than 
in  the  latter ;  "as  regards 
its  form,  it  sustains  such  a 
relation  to  the  whole  heart 

as  it  would  if  it  were  a  greatly  shrivelled,  internal  cast  of  it  "  (His). 
In  the  muscular  sac  distinct  traces  of  muscle-fibres  can  be  recog- 
nised even  at  the  time  when  the  S-shaped  curvature  makes  its 
appearance.  At  later  stages  in  the  development  differences  appear 
between  atrium  and  ventricle.  In  the  atrium  the  muscular  wall  i> 
uniformly  thickened  into  a  compact  plate,  with  the  inside  of  which  the 
endothelial  tube  is  in  immediate  contact.  In  the  ventricle,  on  the 
contrary,  there  occurs  a  loosening,  as  it  were,  of  the  muscular  wall. 
There  are  formed  numerous  small  trabeculse  of  muscular  cells,  which 
project  into  the  previously  mentioned  space  between  the  two  sacs  and 
become  united  to  one  another,  forming  a  large-meshed  network  (fig. 
311-4).  The  endothelial  tube  of  the  heart,  by  forming  out-pocketings, 


Fig.  307.— Heart  of  a  human  embryo  of  the  fifth  week, 

after  His. 
rk,  Right,  Ik,  left  ventricle  ;  si,  sulcus  interventricu- 

laris ;  Ta,  truncus  arterioaus  ;  Iho,  left,  rho,  right 

auricle  of  the  heart. 
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60   into  intimate  .  I  envelop* 

each  one  of  them   with  a  SJKHM.  here  urine 

in  tin-  spongy   \\all  of   the   ventii.  u.-d    \\ith 

cndothe'.ium,  which  t"\vard  tin-  nufftOQ  -  '  i't  <*nd  blindh 

which  communicate  with  the  central  cavity  ami  like  thin  receive 
them  the  stream  of  blood. 

The  eml>r\onic  i.  mala  resembles  in  its  first 

condition  that  which  has  I  *  en  described  tip  to this  point  -the heart 
(*t  the  lowest  Vertebrates,  the  Fishes.  In  the  former  as  in  the 
latter  it  ooosisti  "f  a  region,  the  atrium,  eeiven  the  venous 

Mood  from  the  Ixdy.  an«l  of  another,  tin-  which    <lrives  the 

I  into  the  arterial  vessels.     Corresponding  to  this  cor 
t  he  1  ion  in  embryos  of  this  stage  and  in  Fishes 

//  K  simjJ''  and  a  single  one.     This  becomes  changed   in 

evolution  of  Vertehrates.  as  in  the  eml.r\ cnic   life 

/«,  upon  the  appearance  or 

!>fii"j  of  the  heart  an  '  <>/  tlt.  /,/«.,..  »duced. 

The  cause  of  such  a  change  is  clear,  from  the  topographical  reli 
«f  (!<>'  tii-n  Imnj*  to  the  faart,  the  formei  'he  immediate 

vicinity  of  the  heart    l»y   e\  auinat  i..n    ,.\    i  he    t'.'ie-gut  (fig.    314   Iff). 
The  lunur-  t  h.'i-.-ioff  i-.-^.-iN.-    th.-ir   l>Io<ui    from    an 
very  near  the  heart,  from  the   fifth  [>ixth]  pair  of   aortic  arches  that 

from  the  truncii>  .>•  -.milarly  they  ^r: 

\enous  pulmonary  l»loo»l  dii  •    throu-i  'ems, 

the  puluionai-y  \t-in-,  which,  originally  ir 

trunk  (1'iouN.  i  .-n  into  the  ., •  .  of  the  great 

us  trunk-.      Therefore  the  blood  that  flow*  >tt  of  the  heart 

ftack  again  to  the  heu,  in  it 

;<»*  cornea  into 

f  the  bixly  currents  are  separated  Jrom 
i/tout  the  short  coune  of  ike 

VOKH  >ich  both  traverse  in  coin  ventricle, 

and  truiu-u>  arteri<  • 

The  process  of  separation  l..-_'in>  in  t  he  \vriehrate  phy  \\i\n 
l>ipnoi  and  Amphil.ia.  in   which    pulmonary  respii 
tin'  iirM  time  and  supplant>  l»ro: 

Vertel.r.-i-  lOOOmplished  dun;  lopuient. 

Therefore  we  now  have  to  f.-ll,.\\  ..ui    hoH  -i«-h. 

in  the  case  of  Mammal-  and  expt.(-ially  of  Man,  according  to  the 
recent  investigationa  of  Hn,  £  -  are 

formed — how  atrium  and  ventricle  are  *•;•.  uto  right  and 
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left  compartments,  and  the  truncus  arteriosus  into  arteria  pul- 
morialis  and  aorta,  and  how  in  this  way  the  heart  attains  its  definite 
form. 

The  partitions  arise  independently  in  each  of  the  three  divisions 
of  the  heart  mentioned. 

Let  us  first  take  into  consideration  the  atrium,  which  is  for  a 
time  the  largest  and  most  capacious  region  of  the  cardiac  sac 
(fig.  308).  In  Man  a  separation  into  left  and  right  halves  (Iv  and  rv) 
is  observable  even  in  the  fourth  week,  since  there  is  then  formed 

on  its  hinder  [dorsal]  and 
upper  wall  a  perpendicular 
projection  inward,  the  first 
trace  of  the  atrial  partition 
(vs)  or  septum  atriorum. 

The  halves  are  even  now 
distinguished  by  the  fact 
that  they  receive  different 
venous  trunks.  The  vitel- 
line  and  umbilical  veins, 
as  well  as  the  Cuvierian 
ducts  to  be  discussed  later, 
empty  their  blood  into  the 
right  compartment,  not 
directly,  however,  and  by 
means  of  separate  orifices, 
but  after  they  have  united 
with  one  another  in  the 
vicinity  of  the  heart  to 
form  a  large  venous  sinus 
(sr) — the  sinus  venosus  or 
s.  reunions.  This  is  imme- 
diately adjacent  to  the  atrium  and  communicates  with  it  by  nx 
of  a  large  opening  in  its  posterior  [dorsal]  wall,  which  is  flanked  on 
the  right  and  on  the  left  by  a  large  venous  valve  (*).  Only  one 
small  vessel,  which  traverses  the  musculature  of  the  heart  obliquely, 
opens,  near  the  atrial  partition,  into  the  left  compartment;  it  i> 
the  previously  mentioned  unpaired  pulmonary  vein,  which  is  formed 
immediately  outside  the  atrium  by  the  union  of  four  branches,  two 
of  which  come  from  each  of  the  two  wings  of  the  lung  now  being 
established. 

In  the  further  course  of  development  the  atrial   partition  grows 


Fig.  3Cb.— Heart  of  a  human  embryo  10  mm.  long, 
neck  measurement ;  posterior  [dorsal]  half  of  the 
heart,  the  front  walk  of  which  have  been  removed. 
After  His. 

A-*,  Partition  of  the  ventricle ;  Ik,  left,  rk,  right  ven- 
tricle ;  ok,  auricular  canal  ;  Iv,  left,  rv,  right 
atrium  ;  ir,  mouth  of  the  sinus  reunions  ;  vs,  par- 
tition of  the  atrium  (atrial  crescent,  His  ;  septum 
primum,  BORN);  *  Eustachian  valve  ;  Pt  septum 
spurium . 
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from  above  downward  until  I  middle  of  the  ;it ! 

In  thi-  i  .o  completely  separated  atria  \\ 

have  come   into  exi-t'-nce  at  a    I 

heen  forme  1    in    the    upper    part    of  the   p 

ini:    downward,    an   openii:  oval.-.    \\hi<h 

maintains  a  conn. -ct ion  between  the  two  chambers  (fig.  309)  up  to 
the  time  of  hirth.      The  opening  has  arisen  fi- 
at riorum    ha \  ing    become   thin    and  broken    through  at  a 
certain    region,   or    from    its    l:a\ing   heen   in.- 
from  the  very  heginning.  as  i-  the  case  with  the  ( 

\\  here  it  is  traversed 
hy  numeious  -mail 
<  ritio  '  ward- 

the  foramen  ovule, 
adapting  it -elf  to 
the  conditions  of  the 
circulation  e\i-tin- 
at  the  time,  becomes 
>till  lar-er. 

The      downgi-owtli 
<«f     tl:e    atrial    paili- 

tioll       has,      li;o; 

the  immediate  re>nli 
of  >.-puruting  the  au- 
ricular c'alial  into  the 

!id   right    atrio- 

i.-ulur  orifice- 
(c-i  iinpare  tig.  308  ok 
witli  tig.  309).  Th.- 
auricular  canal,  even 
very  soon  after  its  form:i 

from    \\itl.out    and    within. 
-id.-    (fig,    308    ok),  it  after 
by  being    in  a   manner    "\ergrown 


Fig.  909. -Pottanor  [dorsal]  htlf  of  the  be&rt  of 
embryo  of  the  fifth  week,  eut  open,  after  Hit. 

n,  lower 

(poeterior)  part  of  the  atrial  partition  (wptam  intermedium , 

.  of  the  *ntu 

eecunihmi,   Bui. 
ralre. 


•ptam  •puriuni;  *  Etutachiaa 


goes    important    alterations 
first  visible  from 
•pears  from  view  (tig.    309) 
all  sides   1-y 

and    therel.y  H'L'*'    npwunl 

in  con.-e.pK  nee  of  a  vigorous  gr« 

Mderul.le  thickness.     The  opening  of 

tricle.  or  the  forunu»n  atrio\  ire  commune  (fg.  310  .! 

now  has  the  form  of  a  fifc>  "i  left  to  rigi 

unded  on  either  side  by  two  ridge-like  lips  (o.ek  and  v.tk)— 
the   atrioventricular  \\<  of    I.IM  » -.   Off   the   .  .1  cushions  of 
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SCHMIDT.  The  ridges  have  arisen  from  a  growth  of  the  endocardium, 
and  consist  of  a  gelatinous  connective  substance  and  an  endothelial 
investment.  The  atrial  partition,  when  it  has  grown  down  to  the 
auricular  canal,  soon  fuses  along  its  free  lower  margin  with  these 
Ups  (fig.  309  si) ;  the  auricular  canal  is  thereby  divided  into  a  left 
and  a  right  atrioventricular  opening, — ostium  atrioventriculare 
sinistrum  and  dextrum  (fig.  310  B  F.av.s  and  F.av.d\ — and  at 
the  same  time  both  the  dorsal  and  ventral  endocardial  ridges,  which 
originally  bound  the  opening,  are  divided  in  the  middle  (o.ek  and  u.ek). 
The  dorsal  components  soon  fuse  with  the  corresponding  pieces  of 
the  opposite  [ventral]  side,  and  thus  there  arise  at  the  lower  margin 
of  the  atrial  partition  (fig.  309  si)  two  new  ridges, — one  of  which 
projects  into  the  left,  the  other  into  the  right  atrioventricular 
opening, — which  furnish  the  foundation  of  the  median  cuspidate 
v;  lives. 

The  development  of  the  atrial  partition  and  the  division  of  the 
auricular  canal  into  the  two  atrioventricular  openings  are  closely 
related  processes,  the  former  being  the  cause  of  the  latter.  This 
is  clearly  proved  by  pathological -anatomical  conditions  of  arrested 
development  of  the  heart.  In  all  cases  in  which  the  formation  of 
the  atrial  partition  has  been  for  any  reason  whatever  interrupted 
and  the  lower  part  of  it  has  been  altogether  wanting,  there  has 
always  been  only  one  atrioventricular  opening  (an  ostium  venosum 
commune)  present  (ARNOLD). 

Before  we  progress  further  in  the  history  of  the  development  of 
the  atrium,  we  must  add  an  account  of  the  metamorphoses  which 
have  taken  place  meanwhile  in  the  territory  of  the  ventricle  and 
truncus  arteriosus. 

The  ventricle  begins  to  acquire  its  partition  not  much  later  than 
the  atrium.  By  the  end  of  the  first  month  its  musculature  has 
become  considerably  thickened  (fig.  311  A),  Muscular  trabeculce 
have  arisen,  which  project  far  into  the  interior  of  the  chamber  and 
are  joined  to  one  another,  so  as  to  constitute  a  spongy  tissue,  the 
numerous  fissures  in  which  are  continuous  with  the  narrowed  cavity 
of  the  heart  and  likewise  allow  the  current  of  the  blood  to 
through  them.  At  one  place  the  musculature  is  especially  thickened 
and  forms  a  crescent-shaped  fold  projecting  inward,  the  fundament 
of  the  ventricular  partition  (septum  ventriculorum)  (figs.  308,  309, 
310  ks).  This  takes  its  origin  from  the  lower  and  posterior  [dorsal] 
wall  of  the  ventricle,  in  the  region  which  is  marked  externally  by 
the  previously  mentioned  aukus  interrentricidaris  (fig.  307  si).  Its 
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free  edge  is  directed  upwards  and  grows  toward  the  bullniK  arteriosus 
an«l  ilf  ttrioreatriealai  opening.     The  latter  originally  lies  men 

the  left    half    of    the    \v:  g     .I  In      I  gradually 

moves  over  moi-e  to  the  right.  and  linally  a-.umes  such  a  pOM 

that   the  \entiiriilar  paititloli   l,y  itSgfOWth   npu  ards  meet*  it  OX  > 


«. 


Oi- 


I 


Fig.  310.— Two  diagrams  to  elucidate  the  change*  in  the  mutual  relation*  of  the 

ostium  atrioventriculare  and  the  ostiuin  interventriculare,  M  well  a*  the  division  of  the 
ventricle  and  large  arteries.  1  h<<  \  .-utricles  are  imagined  to  have  been  divided  into  halve* 
one  looks  into  the  posterior  [dorsal]  halves,  in  which,  moreover,  the  cardiac  trabeenls*.  etc., 

i't-i'ii  oiniur  1  for  th«-  -akr  nn  the  view. 

I,  Heart  of  an  embryo  Rabbit,  in  which  the  head  is  8-6-6-8  nun.  leaf.     The  ventricle  U 
dividol  i.y  t):,.  vent  •..  a  left  and  a  right  half  as  far  a*  theoetium 

iiiUTNi-ntriculare  (Oi).     The  rijjht  en.l  >•(  t)..-  :   .:.men  atrioveutriculare  commune (F.ar.r) 

•  .«•  endocardia!  cushion*  (e.tt.  M.elr)  are  developed. 
/.'.  Heart  of  an  embryo  Rabbit,  head  75  mm.  long.    The  endocardial  cushion*  (o.tk.  *.tk)  of  the 

.une  are  fused,  and  thereby  the  for  airioventr.  com 

separated  into  a  for.  atri.  '  e.tl)  and  sinUtnim  (F.or.i).    The  t  • 

I  ..u  t  it  ion  (A-*)  lias  likewise  fused  with  the  endocardia!  cushions,  and  ha*  grown  forward  as  far 
•n  («)  of  the  truncu*  arteriosua,    By  the  closure  of  the  remnant  of  the  ostlam 

;••  septum  membranaoeum  is  forced. 

rk,  Riwhc.  /»M,  arteria  puImonalU ;  Aot  aorta; 

•  arteriosns  :  uo  ;  f.m-.e,  forarovn  atrio- 

.men  atrioventricnlare  dextrum  and ainislrmn • 
o.tk,  u.ek,  upper  and  lower  endothclial  or  endocardia!  cushiotu. 

in  the  mid. lie  and  roNfl  \\ith  its  edges  directly  opposite  the  a 
partition  (li-,.  ;jn'.i.  :;h»  B). 

The  divi>i..ii  -Mtrirlrin  M.i  pleted  as  early  a* 

seventh  week      I  \vo  compartments  of  \vlu.-h 

are  united  hy  the  tOi unen  ovule,  the  blood  in  now  - 
a  ri.irlit  an.l  a  left  o>tium  ctnoventri  -oparate4l 

ri^lil  an-l  left   \entrirl.-. 

The   two  atriovei.trii-ulur  openings  are   narrow  at  ••   of 

:   oiigin  ;  they  are  in  pai  i.med 
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endocardial  ridges  that  project  from  the  partition,  in  part  by  corre- 
sponding growths  of  the  endocardium  at  their  lateral  circumference. 
The  membranous  projections  are  comparable  with  primitive  pocket, 
valves,  such  as  are  also  established  in  the  bulbus  arteriosus  (GEGEX- 
BAUR)  ;  they  constitute  the  starting-point  for  the  development  of 
the  large  atrioventricular  valves,  but  furnish,  as  GEGENBAUR  and 
BERNAYS  have  shown,  only  a  part — the  membranous  marginal 
thickening  (mkl) — which  subsequently  disappears  almost  completely, 
whereas  the  compact  main  part  of  the  valve  arises  from  that  portion 
of  the  thickened  muscular  wall  of  the  ventricle  itself  that  surrounds 
the  atrioventricular  opening  (fig.  311  B  mk). 

As  was  previously  stated,  in  the  case  of  Man  the  wall  of  the 
ventricle  during  the  first  months  consists  of  a  close  spongy  network 


mi1 


Fig.  311.  --Diigrammatic  representation  of  the  formation  of  the  atriovantricular  valvea.  A,  Earlier, 

B,  later  condition,    After  GEGENBAUR. 
riit,  Membranous  valve  ;  ink1,  the  primitive  part  of  the  same  ;  cht,  chordae  tendineaB  ;  v,  caviiy 

of  the  ventricle ;  6,  trabecular  network  of  cardiac  musculature ;  pm,  papillary  muscles ; 

tc,  trabeculaj  carncav 

•of  muscular  trabeculae,  which  are  invested  by  the  endocardium  and 
the  interstices  of  which  communicate  with  the  small  central  cavity 
(fig.  311  A).  Such  a  spongy  condition  of  the  wall  of  the  heart 
persists  permanently  in  Fishes  and  Amphibia  ;  in  the  higher  Verte- 
brates and  Man,  on  the  contrary,  metamorphoses  occur.  Toward 
its  external  surface  the  wall  of  the  heart  becomes  more  compact,  in 
that  the  muscular  trabeculse  become  thicker  and  the  spaces  between 
them  narrower,  in  some  parts  even  disappearing  entirely  (fig.  311  E 
tc).  The  reverse  of  this  process  takes  place  toward  the  inside.  •  In 
the  vicinity  of  the  atrioventricular  opening  the  trabeculse  become 
thinner  and  the  interstices  larger.  In  this  way  a  part  of  the  thick 
wall  of  the  ventricle,  which  looks  toward  the  atrium  and  encloses  the 
opening,  is  undermined,  as  it  were,  by  the  blood-current.  In  this 
part  the  muscle-fibres  afterwards  become  entirely  rudimentary; 
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there  are  formed  from  the  interstitial  connective-tissue  substance 
tendinous  plates,  which  with  the  endocardial  cushions  attached 
to  their  margins  become  the  permanent  atrioventricular  valves 
(tig.  311  B  mk).  The  latter  therefore  arise  from  a  part  of  the 
spongy  wall  of  the  ventricle. 

The  remnants  of  the  shrivelled  muscular  trabecul?e  (fig.  311  B  cht), 
which  are  attached  to  the  valve  from  below,  become  still  more 
rudimentary  in  the  immediate  vicinity  of  the  attachment :  here  also 
a  part  of  the  muscular  fibres  disappears  entirely;  the  connective 
tissue,  on  the  contrary,  is  preserved,  and  is  converted  into  the  tendinous 
cords  which,  known  under  the  name  of  chordae,  tendinece,  serve  to 
hold  in  place  the  valves.  At  some  distance  from  the  latter  the 
trabeculse  projecting  into  the  ventricle  preserve  their  fleshy  con- 
dition and  become  the  papillary  muscles  (pm),  from  the  apices  of 
which  the  chordae  tendinese  arise.  "Whatever  of  the  primitive 
trabecular  network  still  persists  on  the  inner  surface  of  the  ventricle 
forms  a  more  or  less  stout  meshwork  of  muscles,  the  fleshy  pillars  of 
the  heart  (tc),  or  trabeculse  carnese." 

In  consequence  of  all  these  alterations  the  originally  small  cavity 
of  the  ventricle  has  become  considerably  enlarged  at  the  expense  of 
a  part  of  its  spongy  wall.  For  the  whole  of  the  space  which  in 
fig.  311  B  lies  below  the  valves  has  been  produced  from  the  system 
of  originally  narrow  spaces  (fig.  31 1  A ),  and  has  been  employed  for  the 
enlargement  of  the  central  cavity  by  the  degeneration  of  the  fleshy 
columns  into  slender  tendinous  cords. 

It  still  remains  for  us  to  investigate  the  division  of  the  truncus 
arteriosus  and  the  final  metamorphosis  of  the  atrium. 

At  about  the  time  when  the  formation  of  the  partition  in  the 
ventricle  takes  place,  the  truncus  arteriosus,  which  arises  from  it, 
becomes  somewhat  flattened,  and  thus  acquires  a  fissure-like  lumen. 
On  the  flat  sides  two  ridge-like  thickenings  make  their  appearance 
(fig.  310  A  and  B  s),  grow  toward  each  other,  and  by  their  fusion 
divide  the  cavity  into  two  passages  which  are  triangular  in  cross 
section.  Now,  too,  the  beginning  of  the  internal  separation  makes 
itself  visible  externally  as  two  longitudinal  furrows,  in  the  same 
way  that  the  formation  of  a  partition  in  the  ventricle  is  indicated 
by  the  sulcus  interventricularis.  The  two  canals  resulting  from  the 
division  are  the  aorta  and  the  pulmonary  artery  (Ao  and  Pu).  For 
a  time  they  continue  to  be  surrounded  by  a  common  adventitia,  then 
t  hey  become  widely  separated  and  also  externally  detached  from  each 
The  whole  process  of  separation  in  the  truncus  arteriosus 
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takes  place  independently  of  the  development  of  a  partition  in  the 
ventricle,  beginning  as  it  does  at  first  above  and  advancing  from 
there  downwards.  Finally  the  aortic  septum  penetrates  also  into 
the  cavity  of  the  ventricle  itself  (tig.  310  B  s  and  ks),  there  unites 
with  the  independently  developed  ventricular  partition,  furnishes 
the  part  known  as  pars  membranacea  (Oi),  and  thus  completes  the 
separation  of  the  vessels  leading  out  from  the  heart,  the  aorta  falling 
to  the  lot  of  the  left  ventricle,  the  art.  pulmonalis  to  the  right. 

The  pars  membranacea  indicates  therefore  in  the  finished  heart 
the  place  at  which  the  separation  between  the  right  and  left  halves 
of  the  heart  is  completed  (fig.  310  B  Oi).  "It  is,  as  it  were,  the 
keystone  in  the  final  separation  of  the  primitive  simple  cardiac  sac 
into  the  four  secondary  cardiac  cavities,  as  they  are  formed  in  Birds 
and  Mammals"  (ROSE).  From  a  comparative-anatomical  point  of 
view  this  place  presents  a  special  interest 
from  the  fact  that  in  Reptiles  there  exists 
here  a  permanent  opening  between  the 
two  ventricles,  the  foramen  Pannizzse. 

Even  before  the  division  of  the  truncus 
Fig.  312.— Diagram  of  the  ar-      arteriosus,  the  semilunar  valves  have  become 

rangement    of    the    arterial 

valves.    From  GEGENBAUR.          established    as  JOUT    rulges,     consisting    of 

A,  undivided  truncus  arteriosus      gelatinous  tissue  with  a  covering  of  eiido- 

with     four    fundaments    of  .11  i  -   ^     • 

valves.  B,  Division  into  pui-      thelium,  at  the  contracted  place  which  is 
monaiis  (p)  and  aorta  (a),      designated  as  the  /return  Halleri.     Two  of 

each  of  which  possesses  three 

valves.  them  are  halved  at  the  time  or  the  divi- 

sion of  the  truncus  into  aorta  and  art. 

pulmonalis.  For  each  vessel,  therefore,  there  are  now  three  ridges, 
which,  owing  to  a  shrivelling  of  the  gelatinous  tissue,  assume  the 
form  of  pockets.  Their  arrangement,  to  which  GEGENBAUR  has  called 
attention,  is  intelligible  from  their  method  of  development,  as  the 
accompanying  diagram  (fisr.  312)  shows.  "By  the  division  of  the 
originally  single  bulbus  arteriosus  (A)  into  two  canals  (£),  the 
nodule-like  fundaments  of  the  four  original  valves  are  distributed 
in  such  a  manner  that  the  anterior  [ventral]  one  and  the  anterior 
halves  of  the  two  lateral  ones  fall  to  the  anterior  arterial  trunk 
(pulmonalis),  the  posterior  and  the  posterior  halves  of  the  lateral 
ones  to  the  posterior  arterial  trunk  (aorta)." 

Finally,  as  regards  the  atrium,  it  is  to  be  said  that  the  sinus 
venosus,  mentioned  at  p.  558,  the  mouth  of  the  pulmonary  vein,  and 
the  foramen  ovale  undergo  important  alterations. 

The  sinus  venosus  disappears  as  an  independent  structure,  since  it 
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is  gradually  merged  into  the  wall  of  the  atrium.  In  consequence  of 
this  the  great  venous  trunks,  which  originally  emptied  their  blood 
into  it  and  which  have  meanwhile  been  converted  into  the  superior 
and  inferior  venae  cavse  and  into  the  sinus  coronarius  (the  details  of 
which  are  given  in  section  d),  empty  directly  into  the  right  half  of 
the  atrium,  and  here  gradually  separate  farther  and  farther  from 
one  another.  Of  the  two  valves  which  surround,  as  was  previously 
stated,  the  mouth  of  the  sinus  venosus,  the  left  becomes  rudimentary 
(figs.  308,  309) ;  the  right  (*),  on  the  contrary,  persists  at  the  mouth 
of  the  inferior  vena  cava  and  of  the  sinus  coronarius,  and  is  divided, 
corresponding  to  these,  into  a  larger  and  a  smaller  portion,  of  which 
the  former  becomes  the  valvula  Eustnchii,  the  latter  the  valvula 
Thebesii. 

The  four  pulmonary  veins  are  united  for  a  time  into  a  common 
short  trunk,  which  empties  into  the  left  half  of  the  atrium.  Sub- 
sequently the  common  terminal  portion  becomes  greatly  enlarged 
and  merged  with  the  wall  of  the  heart,  in  the  same  way  as  the  sinus 
venosus  does.  In  consequence  the  four  pulmonary  veins  then  open 
separately  and  directly  into  the  atrium. 

The  foramen  ovale,  the  formation  of  which  was  previously 
described,  maintains  a  broad  communication  between  the  two.  sides 
of  the  atrium  during  the  entire  embryonic  life.  It  is  bounded 
behind  and  below  by  the  atrial  partition,  a  connective-tissue  mem- 
brane that  subsequently  receives  the  name  of  valvula  foraminis 
ovalis  (fig.  309  si).  Also  from  above  and  in  front  there  is  formed  a 
sharp  limitation,  since  a  muscular  ridge  projects  inward  from  the 
atrial  partition,  the  anterior  atrial  crescent  or  the  limbus  Vieussenii 
(vs).  Even  in  the  third  month  all  of  these  parts  are  distinctly 
developed  ;  the  valvula  foraminis  ovalis  already  reaches  nearly  to 
the  thickened  margin  of  the  anterior  muscular  crescent,  but  is 
deflected  obliquely  into  the  left  half  of  the  atrium,  so  that  a  broad 
fissure  remains  open  and  permits  the  blood  of  the  inferior  vena  cava 
to  enter  into  the  left  part  of  the  atrium.  After  birth  the  margins 
of  the  anterior  and  posterior  folds  come  into  contact,  and,  with 
occasional  exceptions,  fuse  completely.  The  posterior  fold  furnishes 
the  membranous  partition  of  the  foramen  ovale ;  the  anterior,  with 
its  thickened  muscular  margin,  produces  above  and  in  front  the 
limbus  Vieussenii.  With  this  the  heart  has  attained  its  permanent 
structure. 

While  the  cardiac  sac  undergoes  these  complicated  differentiations, 
it  changes  its  position  in  the  body  of  the  embryo  and  acquires  at  an 
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early  period  a  special  investment,  the  pericardium.  In  connection 
with  the  latter  the  diaphragm  is  formed  as  a  partition  between  the 
thoracic  and  abdominal  cavities.  This  is  consequently  the  most 
suitable  place  at  which  to  acquaint  ourselves  better  with  these 
important  processes,  a  part  of  which  are  not  easily  understood.  The 
most  of  the  discoveries  in  this  field  we  owe  to  the  investigations  of 
CADIAT,  His,  BALFOUR,  USKOW,  and  others. 


(b)  The  Development  of  the  Pericardial  Sac  and  the  Diaphragm. 
The  Differentiation  of  the  Primary  Body-cavity  into  Pericardial, 
Thoracic,  and  Abdominal  Cavities. 

Originally  the  body-cavity  is  widely  extended  in  the  body  of  the 
embryo,  for  it  can  be  traced  in  the  lower  Vertebrates  into  tho  fun- 
dament of  the  head,  where  it 
furnishes  the  cavities  of  the 
visceral  arches.  After  the 
latter  have  become  closed, 
dining  which  muscles  arise 
from  the  cells  composing  their 
walls,  the  body-cavity  extends 
forward  as  far  as  the  last 
visceral  arch  and  constitutes 
a  large  space  (fig.  313),  in 
which  the  heart  is  developed 
within  the  ventral  mesentery 
(mesocai  clium  anterius  and 
posterius).  REMAK  and  KOL- 
LIKER  named  this  space  throat- 
cavity;  His  introduced  the 
name  parietal  cavity.  But  it 
will  be  most  appropriate  if 
one  designates  it,  after  the 
permanent  organs  which  are 
derived  from  it,  as  the  peri- 
cardio  -  thoracic  cavity.  The 
more  the  cardiac  tube  is 
thrown  into  curves,  the  more  extensive  this  cavity  becomes,  and  it 
soon  acquires  in  the  embryo  a  comparatively  enormous  size.  By 
this  its  front  wall  is  protruded  ventrally  like  a  hernia  between  the 
head  and  the  navel  of  the  embryo  (figs.  314,  157). 


Fig.  313.— Human  embryo  (Lg  of  H:s)  215  mm. 
long,  neck  measurement.  Reconstruction 
figure,  after  His  ("  Menschliche  Embryonen  "). 
Magnified  40  diame:ers. 

.1/6,  Oral  sinus ;  Ab,  aortic  bulb ;  Vm,  middle 
part  of  the  ventricle  ;  Vc,  vena  cava  superior 
or  ductus  Cuvieri ;  Sr,  sinus  reunions  ;  Vu, 
vena  umbilicalis  ;  VI,  left  part  of  the  ven- 
tricle ;  Ho,  auricle  of  the  heart ;  D,  diaphragm  ; 
V.om,  vena  omphalomesenterica ;  Lb,  solid 
fundament  of  the  liver;  Lbg,  hepatic  duct. 
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The  pericardio-thoracic  cavity  begins  very  early  to  be  sharply 
marked  off  from  the  future  abdominal  cavity  by  a  transverse  fold 
(figs.  313,  314  £-f£),  which  begins  at  the  front  [ventral]  and  lateral 
walls  of  the  trunk,  and  the  free  edge  of  which  projects  dorsalwards 
and  median  wards  (tig.  314  z-\-l)  into  the  primitive  body-cavity.  It 
marks  the  course  which  the  terminal  part  of  the  vena  omphalo- 
mesenterica  takes  in  order  to  reach  the  heart.  Subsequently  thero 
are  found  imbedded  in  the  fold  all  of  the  venous  trunks  ivhich  empty 
into  the  atrial  sinus  of  the  heart  (figs.  313,  314), —  the  omphalo- 
mesenteric  and  umbilical  veins  and  the  Cuvierian  ducts  (dc\  which 
collect  the  blood  from  the  walls  of  the  trunk.  Therefore  the  formation 
of  the  transverse  fold  is  most  intimately  connected  ivith  the  development 
of  the  veins.  It  takes  the  name  of  septum  transversum  (massa 
transversa,  USKOW),  and  has  the  form  of  a  transverse  bridge  of 
substance  uniting  the  two  lateral  walls  of  the  trunk  (fig.  313),  which 
inserts  itself  between  the  sinus  venosus  and  the  stomach,  and 
is  united  with  both  as  well  as  with  the  ventral  mesentery.  Its 
posterior  portion  (fig.  314  z  +  l)  contains  abundant  embryonic  con- 
nective tissue  and  blood-vessels,  and  constitutes  a  mass  described  as 
prehepaticus  (Yorleber),  since  the  two  liver-sacs  (fig.  313  Lb -\-Lbg) 
grow  out  from  the  duodenum  into  it  and  produce  the  hepatic 
cylinders.  In  proportion  as  this  takes  place,  and  the  hepatic 
cylinders  spread  out  from  the  ventral  mesentery  laterally  into  the 
septum  transversum,  the  latter  increases  in  thickness  and  now 
embraces  two  different  fundaments, — in  front,  a  plate  of  substance 
in  which  the  Cuvierian  ducts  and  other  veins  run  to  the  heart  (the 
primary  diaphragm) ;  behind,  the  two  lobes  of  the  liver,  which  produce 
ridges  that  project  into  the  body  cavity. 

By  means  of  the  septum  transversum  the  pgricardio-thoracic  and 
the  abdominal  cavities  are  almost  completely  separated  (fig.  314). 
There  remain  only  two  narrow  canals  (brh)  (thoracic  prolongations 
of  the  abdominal  cavity,  His),  which  establish  a  connection  behind 
with  the  abdominal  cavity  at  either  side  of  the  intestinal  tube  and 
its  dorsal  mesentery.  The  two  canals  (brh)  receive  the  two  funda- 
ments of  the  lungs  (Ig)  when  they  grow  out  from  the  ventral  wall 
of  the  intestinal  tube.  They  afterwards  become  the  two  thoracic  or 
pleural  cavities  (brh),  whereas  the  larger  cavity  communicating  with 
them  (M),  in  which  the  heart  has  developed,  becomes  the  pericardial 
chamber.  The  latter  takes  up  the  whole  ventral  side  of  the  embryo; 
the  thoracic  cavities,  on  the  contrary,  lie  quite  dorsal  next  to  the 
nosterior  wall  of  the  trunk. 
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How  does  the  closure  of  these  three  originally  communicating 
spaces  take  place,  and  how  do  they  attain  their  altered,  final  position 
in  relation  to  one  another  ? 

The  pericardial  sac  is  the  first  to  be  separated  off.  The  impulse 
to  separation  is  furnished  by  the  Cuvierian  ducts  (fig.  314  dc).  One 
portion  of  the  latter  runs  down  from  the  dorsurn,  where  it  arises  by 
the  confluence  of  the  jugular  and  cardinal  veins,  along  the  lateral 
walls  of  the  trunk  to  the  transverse  septum  (fig.  314  dc) ;  it  thereby 


vca 
brh 


Fig.  314.—  Sagittal  reconstruction  of  a  human  embryo  5  mm.  long,  neck  measurement  (embryo 

R,  His),  to  elucidate  the  development  of  the  pericardio-thoracic  cavity  and  the  diaphragm, 

after  His. 
ab,  Bulbus  arteriosus  ;  brh,  thoracic  cavity  (recessus  parietalis,  His)  ;  hh,  pericardial  cavity ; 

dc,  ductus  Cuvieri ;  dv,  vena  omphalomesenterica  ;  nv,  umbilical  vein  ;  vca,  cardinal  vein  ; 

vj,  jugular  vein  ;  Ig,  lung  ;  2  +  I,  fundament  of  the  diaphragm  and  liver  ;  uk,  mandible. 


crowds  the  pleura  into  the  pericardio-thoracic  cavity,  and  in  this 
manner  produces  the  pleuro-pericardial  fold.  Since  the  latter  is 
carried  farther  and  farther  inward,  it  continues  to  narrow  the  com- 
munication between  the  pericardial  cavity  (hh)  and  the  two  pleural 
cavities  (brh)  ;  finally,  it  cuts  off  the  communication  entirely,  when 
its  free  edge  has  grown  [medianwards]  as  far  as,  and  has  fused  with, 
the  mediastinum  posterius,  in  which  the  oesophagus  lies.  By  this 
migration  of  the  Cuvierian  ducts  is  also  explained  the  position  of  the 
superior  vena  cava,  which  later  opens  into  the  atrium  from  above, 
for  it  is  derived  from  the  Cuvierian  duct.  Originally  located  in 
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the  lateral  wall  of  the  trunk,  its  terminal  part  is  afterwards  enclosed 
in  the  mediastinum. 

After  the  closure  of  the  pericardial  sac,  the  narrow,  tubular 
thoracic  cavities  (fig.  314  brh)  continue  for  a  time  to  remain  in 
communication  behind  with  the  abdominal  cavity.  The  fundaments 
of  the  lungs  (Ig)  meantime  grow  farther  into  them,  and  their  tips 
finally  come  in  contact  with  the  upper  surface  of  the  liver,  which 
also  has  now  become  larger.  Then  a  closure  is  effected  at  these 
places  also.  From  the  lateral  and  posterior  walls  of  the  trunk 
project  folds  (the  pillars  of  USKOW),  which  fuse  with  the  septum 
transversum,  and  thus  form  the  dorsal  part  of  the  diaphragm.  One 
can  therefore  distinguish  a  ventral  older  part  and  a  dorsal  younger  one. 

As  GEGENBAUR  points  out,  this  explains  the  course  of  the  phrenic  nerve, 
\\hich  runs  in  front  of  [ventral  to]  the  heart  and  Dungs  and  approaches  the 
diaphragm  from  in  front. 

Occasionally  the  fusion  of  the  dorsal  and  ventral  fundaments  is 
interrupted  on  one  side.  The  consequence  of  such  arrested  develop- 
ment is  a  diaphragmatic  hernia — i.e.,  a  permanent  connection  between 
abdominal  and  thoracic  cavities  by  means  of  a  hernial  orifice,  through 
which  loops  of  the  intestine  can  pass  into  the  thoracic  chamber. 

When  the  four  large  serous  spaces  of  the  body  have  been  com- 
pletely shut  off  from  one  another,  the  individual  organs  must  still 
undergo  extensive  alterations  of  position,  in  order  to  attain  their 
ultimate  condition.  The  pericardial  sac  at  first  takes  up  the  whole 
ventral  side  of  the  breast,  and  over  a  large  area  is  connected  with 
the  anterior  wall  of  the  thorax  and  with  the  upper  wall  of  the 
diaphragm.  Moreover,  the  latter  is  united  with  the  liver  along  its 
whole  under  surface.  The  lungs  He  hidden  in  narrow  tubes  at  the 
dorsal  side  of  the  embryo. 

There  are  two  factors  that  come  into  the  account  in  this  con- 
nection (fig.  315).  With  the  increase  in  the  extent  of  the  lungs  (Ig), 
the  thoracic  cavities  (pl.p)  extend  farther  ventrally,  and  thereby 
detach  the  wall  of  the  pericardial  sac  (pc),  or  the  pericardium,  on 
the  one  hand  from  the  lateral  and  anterior  walls  of  the  thorax,  and 
on  the  other  from  the  surface  of  the  diaphragm.  Thus  the  heart  (ht), 
with  its  pericardial  sac,  is  displaced  step  by  step  toward  the  median 
plane,  where,  together  with  the  large  blood-vessels  (ao),  the  eso- 
phagus (al),  and  the  bronchial  tubes,  it  helps  to  form  a  partition — - 
the  mediastinum — between  the  greatly  enlarged  thoracic  cavities. 
In  front  the  pericardial  sac  then  remains  in  contact  with  the  wall  of 
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the  thorax  (st)  and  below  with  the  diaphragm  for  a  little  distance 
only. 

The  second  factor  is  the  separation  of  the  liver  from  the  primary 
diaphragm,  with  which  it  ivas  united  to  form  the  septum  transversum. 
This  takes  place  as  follows  :  At  the  margin  of  the  liver  the  peritoneum, 
which  originally  covered  only  its  under  surface,  grows  over  on  to 
its  upper  surface,  separating  it  from  the  primary  diaphragm.  A 
connection  is  retained  near  the  wall  of  the  trunk  only.  Thus  is 
explained  the  development  of  the  ligamen.tum  coronarium  hepatis. 


Fig.  315. — Cross  section  through  an  advanced  embryo  of  a  Rabbit,  to  show  how  the  pericardial 

cavity  becomes  surrounded  by  the  pleural  cavities,  from  BALFOUB. 
hi,  Heart ;  pc,  pericardial  cavity  ;  pl.p,  thoracic  or  pleural  cavity ;  Ig,  lung ;  al,  alimentary 

canal ;  ao,  dorsal  aorta  ;  ch,  chorda  ;  rp,  rib  ;  st,  sternum  ;  sp.c,  spinal  cord. 


which  was  disregarded  in  the  section  which  treated  of  the  ligamentous 
supports  of  the  liver  (p.  330). 

The  diaphragm  finally  acquires  its  permanent  condition  by  the 
ingrowth  of  muscles  from  the  wall  of  the  trunk  into  the  connective 
tissue  lamella. 

(c)  The  Metamorphoses  of  the  Arterial  System. 

The  development  of  the  large  arterial  trunks  lying  in  the  vicinity 
of  the  heart  is  of  great  interest  from  a  comparative -anatomical  point 
of  view.  As  in  all  Vertebrates  at  least  five  pairs  of  visceral  arches 


THE  ORGANS  OF  THE  INTERMEDIATE  LAYER  OR  MESENCHYME.  571 


are  established  on  the  two  sides  of  the  fore-gut  (permanently  in 
the  gill-breathing  Fishes,  Dipnoi,  and  a  part  of  the  Amphibia, 
transitorily  in  the  higher  Vertebrates),  so  also  there  are  developed 
at  the  corresponding  places  on  the  part  of  the  vascular  system  five 
pairs  of  vascular  arches*  (fig.  316  l*).  They  take  their  origin 
from  the  truncus  arteriosus  (figs.  316,  317),  which  runs  forward 
under  the  fore-gut,  then  follow  along  the  visceral  arches  up  to  the 
dorsal  surface  of  the  embryo,  and  here  unite  on  either  side  of  the 
vertebral  column  into  longitudinal  vessels,  the  two  primitive  aortse 
(fig.  317  ad).  On  this  account  they  are  called  aortic  arches,  but 
they  are  more  appropriately  designated  as  visceral-arch  vessels. 

In  the  Vertebrates  that  breathe  by 
means  of  gills,  the  vessels  of  the 
visceral  arches  become  of  importance 
in  the  process  of  respiration,  and  early 
lose  their  simple  structure.  From 
their  ventral  initial  portions  there 
arise  numerous  lateral  branches  run- 
ning to  the  branchial  lamella,  which 
have  arisen  in  large  numbers  from 
the  mucous  membrane  investing  the 
visceral  arches  ;  here  they  are  resolved 
into  fine  capillary  networks.  From 
these  the  blood  is  re-collected  into 
venous  branches,  which  open  into  the 
upper  end  of  the  visceral-arch  vessels. 
The  larger  the  ventral  and  dorsal 
lateral  branches,  the  more  incon- 
spicuous does  the  middle  part  of  the 

vessel  of  the  visceral  arch  become.  At  length  it  has  separated  inta 
an  initial  part,  the  branchial  artery,  which  is  distributed  to  the 
branchial  lamellae  in  numerous  branches,  and  an  upper  part,  the 
branchial  vein,  into  which  the  blood  is  re-collected.  The  two  are 
connected  with  each  other  by  means  of  the  close  network  only, 
which,  from  its  superficial  position  in  the  mucous  membrane,  presents 
a  suitable  condition  for  the  removal  of  the  gases  from  the  blood. 

Since  in  the  Amniota  there  are  no  branchial  lamellae  produced, 
branchial  arteries  and  veins  also  fail  to  be  developed,  the  vessels  of 

*  [The  existence  of  six  pairs  of  vascular  arches  has  recently  been  shown  to  Le 
the  typical  condition,  the  newly  discovered  pair,  situated  between  the  fourth  and 
fifth  pairs  of  RATHKE'S  scheme  (fig.  316),  being  of  short  duration  in  Amniota.} 


Fig.  316. — Diagram  of  the  arrange- 
ment of  the  vessels  of  the  visceral 
arches  from  an  embryo  of  an 
amniotic  Vertebrate. 

1—5,  First  to  fifth  aortic  arches  ;  ad, 
aorta  dorsalis  ;  ci,  carotis  interns, , 
ce,  cavotis  externa ;  v,  vertebralis  , 
s,  subclavia  ;  p,  pulmonalis. 
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the  visceral  arches  retaining  their  original  simple  condition.  But 
they  are  in  part  of  only  short  duration;  they  soon  suffer,  by  the 
complete  degeneration  of  extensive  portions,  a  profound  metamor- 
phosis, which  is  effected  in  a  somewhat  different  manner  in  Reptiles, 
Birds,  and  Mammals.  An  exposition  of  the  changes  in  the  case  of 
Man  only  will  be  given  here. 

In  human  embryos  only  a  few  millimetres  long,  the  truncus 
arteriosus,  which  emerges  from  the  still  single  cardiac  tube,  is  divided 
in  the  vicinity  of  the  first  visceral  arch  into  a  left  and  a  right 
branch,  which  surround  the  pharynx,  and  are  continuous  above  with 
the  two  primitive  aortse.  It  is  the  first  pair  of  aortic  arches.  In 


Fig.  317. -Development  of  the  large  arterial  trunks,  represented  from  embryos  o:  a  Lizard  (A), 

the  Chick  (B),  and  the  Pig  (<?),  after  RATHKE. 
The  first  two  pairs  of  arterial  arches  have  in  all  cases  disappeared.     In  A  and  B  the  third, 

fourth,  and  fifth  pairs  are  still  fully  preserved  ;  in  C  only  the  two  latter  are  still  complete. 
p,  Pulmonary  artery  arising  from  the  fifth  arch,  but  still  joined  to  the  dorsal  aorta  by  means  of 

a  ductus  Botalli ;  c,  external,  c',  internal  carotid  ;  ad,  dorsal  aorta  ;  a,  atrium  ;  v,  ventricle  ! 

n,  nasal  pit ;  m,  fundament  of  the  anterior  limb. 

only  slightly  older  embryos  their  number  is  rapidly  increased  by 
the  formation  of  new  connections  between  the  ventral  truncus 
arteriosus  and  the  dorsal  primitive  aortse.  Soon  a  second,  a  third, 
a  fourth,  and,  finally,  a  fifth  pair  make  their  appearance  in  the 
same  sequence  in  which  the  visceral  arches  are  established  in  the 
case  of  Man  as  well  as  the  remaining  Vertebrates. 

The  five  pairs  of  vascular  arches  give  off  lateral  branches  to 
the  neighboring  organs  at  a  very  early  period;  of  these  several 
acquire  a  great  importance  and  become  carotis  externa  and  interna, 
vertebralis  and  subclavia  as  well  as  pulmonalis.  The  carotis  externa 
{fig.  316  ce  and  fig.  317  c)  arises  from  the  beginning  of  the  first 
vascular  arch,  and  is  distributed  to  the  region  of  the  upper  and 
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lower  jaws.  The  carotis  interim  (figs.  316  ci,  317  c')  likewise  arises 
from  the  first  arch,  but  farther  dorsally,  at  the  point  where  the 
arch  bends  around  to  become  continuous  with  the  root  of  the  aorta ; 
it  conducts  the  blood  to  the  embryonic  brain  and  to  the  developing 
eye-ball  (arteria  ophthalmica).  From  the  dorsal  region  of  the 
fourth  vascular  arch  (fig.  316  4)  a  branch  is  given  off  which  is 
soon  divided  into  two  branches,  one  of  which  goes  headwards  to  the 
medulla  oblongata  and  the  brain,  the  arteria  vertebralis  (v),  whereas 
the  other  (s)  supplies  the  upper  limb  (arteria  subclavia).  In  the 
course  of  development  these  two  arteries  interchange  relations  in 
respect  to  calibre.  In  young  embryos  the  vertebralis  is  by  far  the 
more  important,  while  the  subclavia  is  only  a  small  inconspicuous 
lateral  branch.  But  the  more  the  upper  extremity  increases  in  size, 
the  more  the  subclavia  is  elevated  into  the  position  of  the  main 
trunk,  and  the  more  the  vertebralis  sinks  to  the  rank  of  an  accessory 
branch.  Finally,  from  the  fifth  [sixth]  arch  there  bud  forth  branches 
to  the  developing  lungs  (figs.  316,  317  p). 

As  the  simple  diagram  shows,  the  fundament  of  the  arterial  trunks 
which  arise  from  the  heart  is  originally  strictly  symmetrical.  But  at 
an  early  period  there  occur  reductions  of  certain  vascular  tracts  even 
to  their  complete  disappearance ;  in  this  way  the  symmetrical  arrange- 
ment is  gradually  converted  into  an  unsymmetrical  one. 

The  accompanying  diagram  (fig.  318) — in  which  the  parts  of  the 
vascular  course  that  degenerate  are  left  free,  and  those  which 
continue  to  be  functional  are  marked  by^a  heavy  central  line — will 
serve  to  illustrate  this  metamorphosis. 

First,  as  early  as  the  beginning  of  the  nuchal  flexure,  the  first 
and  second  vascular  arches — with  the  exception  of  the  connecting 
portions  through  which  the  blood  flows  to  the  carotis  externa  (b) — 
disappear. 

The  third  arch  (c)  persists,  but  loses  its  connection  with  the  dorsal 
end  of  the  fourth,  and  therefore  now  conveys  all  its  blood  toward  the 
head  into  the  carotis  interna  («),  of  which  it  has  now  become  the 
initial  part. 

The  chief  role  in  the  metamorphosis  is  assumed  by  the  fourth  and 
fifth  arches  (fig.  317  C).  They  soon  exceed  all  other  vessels  in  size, 
and  as  they  lie  nearest  to  the  heart,  they  are  converted  into  the  two 
chief  arteries  which  arise  from  it,  the  aortic  arch  and  the  arteria 
pulmonalis.  An  important  modification  is  effected  at  the  place  of 
their  origin  from  the  truncus  arteriosus  when  the  latter  is  divided 
lengthwise  by  means  of  the  development  of  the  partition  previously 
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mentioned.  The  fourth  arch  (fig.  318  e)  then  remains  in  connection 
with  the  trunk  (d)  which  arises  from  the  left  ventricle  and  receives 
blood  exclusively  from  that  source.  The  fifth  arch  (n),  on  the  con- 
trary, forms  the  continuation  of  that  half  (m)  of  the  truncus  arteriosus 
which  emerges  from  the  right  ventricle.  Thus  the  division  of  the 
blood  into  two  separate  currents  initiated  in  the  heart  is  also 
continued  into  the  nearest  vessels,  but  for  a  short  distance  only, 
since  the  fourth  and  fifth  pairs  of  vascular  arches  (fig.  317)  still 
«mpty  their  blood  together  into  the  aorta  cominunis  (ad),  with  the 
exception  of  a  certain  portion  which  runs 
through  their  accessory  branches,  in  part  to 
the  head  (c.c')  and  upper  limbs,  in  part  to 
the  still  diminutive  lungs.  Gradually,  how- 
ever, the  process  of  separation  thus  introduced 
is  continued  still  farther  into  the  region  of 
the  peripheral  vessels  and  finally  leads  to  the 
establishment  of  tJie  entirely  distinct  major 
and  minor  circulations.  The  final  condition  is 
attained  by  the  degeneration  of  certain  portions 
of  the  vessels  and  the  enlargement  of  others. 

A  preponderance  of  the  vascular  arches  of 
the  left  side  over  'those  of  the  right  is  soon 
recognisable  (fig.  318).  The  former  con- 
tinually increase  in  size,  while  those  of  the 
right  side  become  less  and  less  apparent  and 
finally  in  places  disappear  altogether.  They 
are  retained  only  in  so  far  as  they  conduct 
the  blood  to  the  lateral  branches  which, 
arising  from  them,  go  to  the  head,  the  upper 
limbs,  and  the  lungs.  Consequently  of  the 
right  aortic  arch  there  remains  only  the 
tract  which  gives  rise  to  the  right  carotis  communis  (c)  and 
the  right  subclavia  (i  +  l).  We  designate  its  initial  part  as  the 
arteria  anoiiyma  brachiocephalica.  With  this  the  permanent  con- 
dition is  now  established.  The  remnant  of  the  right  fourth  vascular 
arch  appears  as  a  side  branch  only  of  the  aorta  (e),  which  forms  an 
arch  on  the  left  side  of  the  body,  and  here  gives  rise  to  the  carotis 
communis  sinistra  (c)  and  the  subclavia  sin.  (h)  as  additional  lateral 
branches. 

The  right  half  of  the  fifth  [sixth]  pair  of  vascular  arches  likewise 
undergoes  degeneration,  except  for  the  portion  that  conveys  blood 


Fig.  318. — Diagrammatic  re- 
presentation of  the  meta- 
morphosis of  the  blood- 
vessels of  the  visceral 
arches  in  a  Mammal, 
after  RATHKE. 

•a,  Carotis  interna  ;  6,  carotis 
externa ;  c,  carotis  com- 
munis ;  d,  body  or  sys- 
temic aorta ;  e,  fourth 
arch  of  the  left  side; 
/,  dorsal  aorta ;  g,  left, 
k,  right  vertebral  artery  ; 
h,  left  subclavian  artery  ; 
i,  right  subclavian  (fourth 
arch  of  the  right  side)  ; 
I,  continuation  of  the 
right  subclavian  ;  m,  pul- 
monary artery ;  n,  its 
ductus  BotalH. 
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to  the  right  lung.  On  the  left  side  of  the  body,  on  the  contrary, 
the  pulmonary  arch  still  persists  for  a  long  time  and  conducts 
blood  into  the  left  lung  and  also  through  the  ductus  arteriosus 
Botalli  (n),  into  the  aorta.  After  birth,  in  connection  with 
pulmonary  respiration,  the  duct  of  BOTALLI  also  degenerates.  For 
the  lungs,  when  they  are  expanded  by  the  first  act  of  inspiration, 
are  in  a  condition  to  receive  a  greater  quantity  of  blood.  The 
consequence  is  that  blood  no  longer  flows  into  the  ductus  Botalli, 
and  that  the  latter  is  converted  into  a  connective-tissue  cord, 
which  extends  between  aorta  and  art.  pul- 
monalis. 

In  addition  to  the  regressive  changes 
mentioned,  there  are  effected  meantime 
alterations  of  position  in  the  large  vascular 
trunks  that  arise  from  the  heart.  They 
move  at  the  same  time  with  the  heart  from 
the  neck  region  into  the  thoracic  cavity.  In 
this  fact  lies  the  explanation  of  the  peculiar 
course  of  the  iiervus  laryngeus  inf.  or  re- 
currens.  At  the  time  when  the  fourth 
vascular  arch  still  lies  forward  in  the  region 
of  its  formation  in  the  fourth  visceral  arch, 
the  vagus  sends  to  the  larynx  a  small  nerve 
branch,  which,  to  reach  its  destination, 
passes  below  [caudad  of]  the  vascular  arch. 
When  the  latter  migrates  downwards,  the 
nervus  laryngeus  must  thereby  be  carried 
down  with  it  into  the  thoracic  cavity,  and 
must  form  a  loop,  one  portion  of  which, 
arising  in  the  thoracic  cavity  from  the  vagus, 
bends  around  the  arch  of  the  aorta  on  the 

left  side  of  the  body  (but  around  the  subclavia  on  the  right  side  of 
the  body)  to  become  continuous  with  the  second  portion,  which  takes 
the  opposite  or  upward  course  to  the  region  of  its  distribution. 

The  processes  of  development  discussed  also  throw  light  on  a  series 
of  abnormalities  which  ai*e  quite  frequently  observed  in  the  large 
vascular  trunks.  I  shall  cite  and  explain  two  of  the  most  important 
of  these  cases. 

Occasionally  in  the  territory  of  the  vessels  of  the  fourth  visceral 
;i  ic  hes  the  original  symmetrical  condition  is  retained.  The  aorta  is 
ll.cn  divided  in  the  adult  into  right  and  left  vascular  arches,  which 


Fig.  319. —Diagrammatic  re- 
presentation of  the  meta- 
morphosis of  the  arterial 
arches  in  Birds,  after 
RATHKK. 

a,  Internal,  b,  external, 
c,  common  carotid ;  d, 
systemic  aorta ;  e,  fourth 
arch  of  the  right  side 
(root  of  the  aorta);  /, 
rightsubclavian;  g,  dorsal 
aoria ;  h,  left  subclavian 
(fourth  arch  of  the  left 
siJe) ;  i,  pulmonary  ar- 
tery ;  k  and  I,  right  and 
left  ducfcus  Bota'li  of  the 
pulmonary  arteries. 
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convey  the  blood  into  the  unpaired  aorta.  From  each  of  them 
there  arises,  as  in  the  embryo,  a  separate  carotis  communis  and 
subclavia. 

Another  abnormality  is  brought  about  by  the  development  of 
the  aortic  arch  of  the  right  side  of  the  body  instead  of  that  of  the 
left,  a  condition  which  is  met  with  in  the  class  of  Birds  (fig.  319)  as 
the  normal  state.  This  malformation  is  always  connected  with  an 
altered  position  of  the  organs  of  the  chest,  a  situs  in  versus  viscerum. 
Of  the  other  changes  in  the  region  of  the  arterial  system  the 
metamorphosis  of  the  primitive  aorta  is  to  be  mentioned  before  all 
others.  As  in  the  other  Vertebrates  (fig.  127  ao),  so  in  Man,  there 
are  formed  a  right  and  a  left  aorta ;  but  they  subsequently  move 
close  together  and  fuse.  This,  again,  explains  an  abnormality,  which, 
it  is  true,  has  very  rarely  been  observed  in  Man.  The  aorta  is 
divided  into  right  and  left  halves  by  means  of  a  longitudinal 
partition ;  the  process  of  fusion,  therefore,  has  not  been  fully 
effected. 

The  aorta  gives  off  at  an  early  period  as  branches  the  unpaired 
mesenterica  sup.  and  mesenterica  inf.  to  the  intestinal  canal ; 
furthermore,  near  its  posterior  end,  the  two  voluminous  navel 
vessels,  arterise  umbilicales  (fig.  139  Al).  These  run  from  the  dorsal 
wall  of  the  trunk  along  the  sides  of  the  pelvic  cavity  ventrally  to 
that  part  of  the  allantois  which  is  subsequently  differentiated  into 
urinary  bladder  and  urachus,  here  bend  upward  and  pass  on  either  side 
of  the  latter  in  the  abdominal  wall  to  the  navel,  enter  the  umbilical 
cord,  and  are  resolved  in  the  placenta  into  a  capillary  network,  from 
which  the  blood  is  re-collected  into  the  venae  umbilicales.  During 
their  passage  through  the  pelvic  cavity  the  umbilical  arteries  give 
off  lateral  branches  that  are  at  first  inconspicuous,  the  iliacse 
internse,  to  the  pelvic  viscera,  the  iliacae  externae  to  the  posterior 
limbs  now  sprouting  forth  from  the  trunk  as  small  knobs.  The 
more  the  latter  increase  in  size  in  older  embryos,  the  larger  do  the 
iliacse  externse  and  their  continuations,  the  femorales,  become. 

After  giving  off  the  two  umbilical  arteries,  the  aorta  becomes 
smaller  and  is  continued  to  the  end  of  the  vertebral  column  as  an 
inconspicuous  vessel,  the  aorta  caudalis  or  sacralis  media. 

At  birth  an  important  alteration  occurs  in  this  part  of  the 
arterial  system  also.  With  the  detachment  of  the  umbilical  cord, 
the  umbilical  arteries  can  no  longer  receive  blood;  they  therefore 
waste  away  with  the  exception  of  the  proximal  portion,  which  has 
given  off  as  lateral  branches  the  internal  and  external  iliacs,  and  is 
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now  designated  as  the  iliaca  communis.  However,  two  connective  - 
tissue  cords  result  from  the  degenerating  vessels,  the  ligamenta 
vesico-umbilicalia  lateralia,  which  run  to  the  navel  on  the  right  and 
left  of  the  bladder. 

(d)  Metamorphoses  of  the  Venous  System. 

The  older  excellent  works  of  EATHKE  and  the  more  recent  meri- 
torious investigations  of  His  and  HOCHSTETTER  constitute  the 
foundation  of  our  knowledge  in  the  difficult  field  with  which  we  are 
now  concerned.  They  show  us  that  originally  all  of  the  chief  trunks 
of  the  venous  system,  with  the  exception  of  the  inferior  vena  cava,  are 
established  in  pairs  and  symmetrically.  This  holds  true  not  only  for 
the  vessels  which  collect  the  blood  from  the  walls  of  the  trunk  and 
from  the  head,  but  also  for  the  veins  of  the  intestinal  tube  and  the 
embryonic  appendages  which  arise  from  it. 

In  the  first  place,  so  far  as  regards  the  veins  of  the  body,  the 
venous  blood  is  collected  from  the  head  into  the  two  jugular  veins 
(fig.  320  vj  and  fig.  321  A  je,  ji),  which  run  downwards  along  the 
dorsal  side  of  the  visceral '  clefts  and  unite  in  the  vicinity  of 
the  heart  with  the  cardinal  veins  (fig.  320  vca  and  fig.  321  A  c«). 
The  latter  advance  in  the  opposite  direction,  from  below  upwards, 
in  the  dorsal  wall  of  the  trunk,  and  collect  the  blood  especially 
from  the  mesonephros.  There  arise  from  the  confluence  of  the 
two  veins  the  Cuvierian  ducts  (figs.  320,  321  A  dc),  from  which 
are  subsequently  developed  the  two  superior  venae  cavre.  The 
veins  of  the  trunk  in  Fishes  exhibit  a  symmetrical  arrangement 
like  this  throughout  life. 

In  the  earliest  stages  the  Cuvierian  ducts  lie  for  some  distance  in. 
the  lateral  wall  of  the  pericardio-pleural  cavity,  where  they  run 
downwards  from  the  dorsum  to  the  front  [ventral]  wall  of  the  trunk 
(fiij.  320).  On  arriving  at  this  point,  they  enter  into  the  septum 
transversum,  KOLLIKER'S  mesocardium  laterale,  in  order  to  reach  the 
atrium  of  the  heart.  This  important  embryonic  structure  forms  a 
point  of  collection  for  all  the  venous  trunks  emptying  into  the  heart. 
In  it  there  are  joined  to  the  Cuvierian  ducts  the  veins, from  the 
viscera  (fig.  313  V.om  and  Vu,  fig.  320  dv  and  m>), — the  paired  yolk 
veins  and  umbilical  veins, — all  of  which  are  joined  into  the  common 
sinus  venosus,  which  was  previously  (p.  558)  mentioned  apropos  of 
the  development  of  the  heart,  and  which  is.  situated  directly  between, 
atrium  and  septum  transversum. 

The  two  vitelline  veins  (v.  omphalomesentericse)  return  the  blood 
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from  the  yolk-sac ;  they  are  the  two  oldest  and  largest  venous  trunks 
of  the  body,  but  they  become  inconspicuous  in  the  same  ratio  as  the 
yolk-sac  shrinks  to  an  umbilical  vesicle.  They  run  close  together 
along  the  intestinal  tube,  and  come  to  lie  at  the  sides  of  the  duodenum 
and  stomach,  where  they  are  united  to  each  other  by  transverse 
anastomoses  even  at  a  very  early  period. 

The  navel  veins  (venae  umbilicales)  are  also  originally  double.  At 
first  very  small,  they  subsequently  become,  in  contrast  with  the 
vitelline  veins,  more  and  more  voluminous,  as  the  placenta,  from 


Tig.  320. — Sagittal  reconstruction  of  a  human  embryo  5  mm.  long,  neck  measurement  (embryo 
It,  His),  to  illustrate  the  development  of  the  pericardio-thoracic  cavity  and  the  diaphragm, 
after  His. 

ab,  Aortic  bulb ;  brh,  thoracic  cavity  (recessus  parieta'.is,  His) ;  hh,  pericardial  cavity  ;  <lc,  ductus 
Cuvieri ;  dv,  Titelline  vein  (v.  omphalomesenterica) ;  nv,  umbilical  vein  ;  vca,  cardinal 
vein  ;  vj,  jugular  vein  ;  lg,  lung ;  z  + 1,  fundament  of  the  diaphragm  and  the  liver ;  uk, 
lower  jaw. 

which  they  convey  the  blood  back  to  the  body  of  the  embryo,  is 
further  developed.  At  the  time  of  their  first  appearance  the  umbilical 
veins  are  found  to  be  imbedded  in  the  lateral  wall  of  the  abdomen 
(fig.  313  Vu),  in  which  they  make  their  way  to  the  septum  trans- 
versum  and  the  sinus  venosus  (sr). 

The  inferior  vena  cava  (fig.  321  A  d)  is  established  later  than  any 
of  these  paired  trunks.  It  makes  its  appearance  as  an  inconspicuous, 
from  the  beginning  unpaired,  vessel  (in  the  Rabbit  on  the  twelfth 
day,  HOCHSTETTER)  on  the  right  side  of  the  aorta  in  the  tissue 
between  the  two  primitive  kidneys  ;  caudalwards  it  is  connected  by 
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lateral  anastomoses  with  the  cardinal  veins.     At  the  heart  it  opens 
into  the  sinus  venosus. 

From  this  primitive  form  of  the  venous  system  (fig.  321  A)  is 
derived  the  ultimate  condition  in  Man.  There  are  three  changes 
which  are  conspicuous  in  this  connection.  (1)  The  veins  empty 
directly  into  the  atrium  instead  of  a  venous  sinus.  (2)  The  sym- 
metrical arrangement  in  the  region  of  the  Cuvierian  ducts  and  the 
jugular  and  cardinal  veins  gives  place  to  an  unsymmetrical  arrange- 


Fig.  321.— Diagram  of  the  development  of  the  venous  system  of  the  body. 

<lc,  Ductus  Cuvieri ;  je,  ji,  vena  jugularis  externa,  interna;  «,  v.  subciavia ;  vh,  v.  hepatica 
revehens ;  U,  v.  umbilicalis ;  ci  (ci2),  v.  cava  inferior;  ca  (cal,  ca',  ca3),  v.  cardinalis ; 
ilcd,  ilcs,  v.  iliaca  communis  dextra,  sinistra ;  ad,  as,  v.  anonyma  brachiocephalica  dextra, 
ainistra ;  cs,  v.  cava  superior  ;  csd,  v.  cava  superior  dextra  ;  ess,  rudimentary  portion  of 
v.  cava  superior  sinistra  ;  cc,  v.  coronaria  cordis ;  az,  v.  azj'gos  ;  hz  (hz1),  v.  beiniazygos; 
He,  v.  iliaca  externa ;  Hi,  v.  iliaca  interna ;  r,  v.  renalis. 

ment  accompanied  by  a  degeneration  or  stunting  of  some  of  the 
chief  trunks.  (3)  With  the  development  of  the  liver  there  is  formed 
a  spi  cial  portal  system. 

The  alteration  first  mentioned  is  accomplished  by  the  incorporation 
of  the  sinus  venosus  in  the  atrium.  At  first  enclosed  in  the  septum 
transversum,  the  sinus  elevates  itself  above  the  upper  surface  of  the 
latter,  from  which  it  detaches  itself,  and  comes  to  lie  as  an 
appendage  to  the  atrium  in  the  anterior  trunk-cavity.  Finally  it 
fuses  completely  with  the  heart  and  furnishes  the  smooth  region  of 
the  atrial  wall,  which  is  destitute  of  the  pectinate  muscles  (His). 
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There  are  in  it  separate  openings  for  the  two  Cuvierian  ducts — the 
future  venae  cavae  superiores — and  an  opening  distinct  from  them  for 
the  veins  coming  from  the  viscera  below  (the  future  cava  inferior). 

The  metamorphoses  in  the  region  of  the  Cuvierian  ducts  begin 
with  a  change  in  their  position.  Their  course  from  above  down- 
ward becomes  more  direct.  At  the  same  time,  like  the  sinus 
venosus,  they  emerge  from  the  niveau  of  the  transverse  septum  and 
lateral  walls  of  the  trunk  into  the  body-cavity  and  carry  before  them 
the  serous  membrane,  with  which  they  are  covered,  as  a  crescent - 
shaped  fold,  which  contributes  to  the  formation  of  the  pericardial 
sac,  and  has  been  already  described  as  the  pleuro-pericardial  fold. 
By  fusing  with  the  mediastinum  the  Cuvierian  ducts  pass  from  the 
walls  of  the  trunk  into  the  latter  and  come  to  lie  nearer  together  in 
the  median  plane.  Of  their  affluents  the  jugular  veins  gradually 
predominate  over  the  cardinal  veins  (fig.  322  B).  There  are  three 
reasons  for  this.  First,  the  anterior  part  of  the  body,  and  especially 
the  brain,  far  outstrips  in  growth  the  posterior  part ;  secondly,  there 
arises  in  this  region  a  competitor  of  the  cardinal  veins,  the  inferior 
vena  cava,  which  assumes  in  place  of  them  the  function  of  returning 
the  blood.  Thirdly,  when  the  anterior  limbs  are  established,  the 
venae  subclaviae  (s)  empty  into  the  jugulares.  Consequently  the 
lower  portion  of  the  jugular,  from  the  entrance  of  the  subclavia 
onward,  now  appears  as  the  immediate  continuation  of  the  Cuvierian 
duct,  and  together  with  it  is  designated  as  superior  vena  cava 
(fig.  322  B  cad). 

There  exists  between  the  right  and  left  sides  a  difference  in  the 
course  of  the  superior  venae  cavae,  which,  as  GEGENBAUR  has  pointed 
out,  is  the  cause  of  the  asymmetry  that  is  developed  in  Man. 
While  the  right  vena  cava  superior  (fig.  322  B  csd)  descends  more 
directly  to  the  heart,  the  left  (ess)  describes  a  somewhat  longer 
course.  Its  terminal  portion  is  bent  from  the  right  to  the  left 
around  the  posterior  [dorsal]  wall  of  the  atrium,  where  it  is  imbedded 
in  tke  coronal  furrow  and  receives  the  blood  from  the  coronal  vein 
(cc)  of  the  heart. 

In  Reptiles,  Birds,  and  many  Mammals  a  stage  of  this  kind,  with 
two  venae  cavae  superiores,  becomes  permanent;  in  Man  it  exists 
only  during  the  first  months.  Then  there  is  a  partial  degeneration 
of  the  left  vena  cava  superior.  The  degeneration  is  initiated  by  the 
formation  of.  a  transverse  anastomosis  (fig.  322  B  as)  between  the 
right  and  left  trunks.  This  conveys  the  blood  from  the  left  to 
the  right  side,  where  the  conditions  are  more  favorable  for  the 
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return  of  the  blood  to  the  heart.  In  consequence  of  this  the 
proximal  end  of  the  right  cava  becomes  much  larger,  the  left,  on 
the  contrary,  proportionately  smaller.  Finally,  there  is  a  complete 
wasting  away  of  the  latter  blood  course  (fig.  322  G  ess)  as  far  as  the 
terminal  part  (cc),  which  is  lodged  in  the  coronal  groove.  This  part 
remains  open,  because  the  cardiac  veins  convey  blood  to  it,  and  is 
now  distinguished  as  sinus  coronarius. 

A  process  in  many  respects  similar  to  this  is  repeated  in  the  case 


Fig.  322. — Diagram  of  the  development  of  the  venous  system  of  the  body. 

dct  Ductus  Cuvieri ;  jet  ji,  vena  jugularis  externa,  interna ;  s,  v.  subclavia ;  vh,  v.  hepatica 
revehens ;  J7,  v.  umbilicalis ;  ci  (ciz),  v.  cava  inferior ;  ca  (ca1,  caa,  cas),  v.  cardinalis ; 
ilcd,  Hcs,  v.  iliaca  communis  dextra,  sinistra  ;  ad,  as,  v.  anonyma  brachiocephalica  dextra, 
sinistra ;  cs,  v.  cava  superior  ;  csd,  v.  cava  superior  dextra  ;  ess,  rudimentary  portion  of 
v.  cava  superior  sinistra ;  cc,  v.  coronaria  cordis ;  az,  v.  azygos  ;  Jiz  (hz"),  v.  hemiazygos  ; 
He,  v.  iliaca  externa ;  Hi,  v.  iliaca  interna ;  r,  v.  renalis. 

of  the  cardinal  veins  (fig.  322  A  ca).  The  latter  collect  the  blood 
from  the  primitive  kidneys  and  the  posterior  wall  of  the  trunk,  from 
the  pelvic  cavity  and  the  posterior  limbs.  From  the  pelvic  cavity 
they  receive  the  venae  hypogastricse  (ili\  and  from  the  limbs  the 
v.  iliacse  externse  (He)  and  their  continuation,  the  v.  crurales.  In  this 
way  the  cardinal  veins  are  at  first,  as  in  Fishes,  the  chief  collecting 
trunks  of  the  lower  half  of  the  body.  Subsequently,  however,  they 
diminish  in  importance,  since  the  inferior  vena  cava  becomes  the 
main  collecting  trunk  instead  of  them. 

It  is  only  within  the  last  few  yeass  that  the  development  of  the 
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inferior  vena  cava  has  been  (by  HOCHSTETTER)  explained.  According 
to  his  investigations  there  are  to  be  distinguished  two  tracts  which 
are  of  different  origin,  a  shorter  anterior  and  a  longer  posterior. 
The  former,  as  previously  mentioned,  makes  its  appearance  as  an 
inconspicuous  vessel  on  the  right  side  of  the  aorta  in  the  tissue 
between  the  two  primitive  kidneys  (fig.  322  A  and  B  ci) ;  the  latter, 
on  the  contrary,  is  developed  subsequently  out  of  the  posterior  region 
of  the  right  cardinal  vein  (fig.  322  .Z?  ci2).  The  anterior,  inde- 
pendently arising  part  of  the  inferior  vena  cava,  soon  after  its 
establishment,  unites  with  the  two  cardinal  veins  by  means  of 
transverse  branches  in  the  vicinity  of  the  vena  renalis  (r).  In  con- 
sequence of  this  increase  of  drainage  territory,  it  soon  increases  con- 
siderably in  calibre,  and  since  it  presents  more  favorable  conditions 
for  the  conveyance  of  blood  from  the  lower  half  of  the  body  than 
the  upper  portion  of  the  cardinal  veins  does,  it  finally  becomes  the 
chief  conduit. 

If  the  stage  thus  far  described  were  to  become  the  permanent 
condition  (fig.  322  ./?),  we  should  have  an  inferior  vena  cava,  which 
forks  in  the  region  of  the  renal  veins  (r)  into  two  parallel  trunks, 
that  descend  at  both  sides  of  the  aorta  to  the  pelvis.  Such  cases,  as 
is  known,  are  found  among  the  varieties  of  the  venous  system ;  they 
are  derived  from  the  previously  described  stages  of  development  as 
malformations  by  arrested  growth.  However,  they  are  only  rarely 
observed,  for  in  the  normal  course  of  development  there  is  established 
at  an  early  period  an  asymmetry  between  the  lower  portions  of  the 
two  cardinal  veins,  from  the  moment,  indeed,  when  they  have  united 
themselves  to  the  lower  part  of  the  inferior  vena  cava  by  means  of 
anastomoses.  The  right  portion  acquires  a  preponderance,  becomes 
enlarged,  and  finally  alone  persists  (fig.  322  JS,  C),  whereas  the  left 
lags  behind  in  growth  and  withers.  This  results  from  two  conditions. 
First,  the  right  cardinal  vein  (ci2)  lies  more  in  the  direct  prolongation 
of  the  vena  cava  inferior  than  does  the  left,  and  thus  occupies  a 
more  favorable  situation ;  secondly,  there  is  formed  in  the  pelvic 
region  an  anastomosis  (ilcs)  between  the  two  cardinal  veins,  which 
conducts  the  blood  of  the  left  hypogastrica  and  the  left  iliaca  externa 
and  cruralis  to  the  right  side.  Owing  to  this  anastomosis,  which 
becomes  the  vena  iliaca  communis  sinistra,  the  portion  of  the  left 
cardinal  vein  lying  between  the  renal  veins  and  the  pelvis  (fig.  322 
C  caz)  is  rendered  functionless,  and  with  the  degeneration  of  the 
primitive  kidney  disappears.  The  right  cardinal  vein  has  now 
become  for  a  certain  distance  a  direct  continuation  of  the  inferior 
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vena  cava;  it  furnishes  that  portion  of  the  latter  which  is 
situated  between  the  renal  veins  and  the  division  into  the  two  vens& 
iliacse  communis  (fig.  322  B  and  C  ci'2). 

While  the  abdominal  part  of  the  left  cardinal  vein  (fig.  322  0  c«3) 
succumbs  and  the  corresponding  region  of  the  right  cardinal  vein 
produces  the  lower  part  of  the  inferior  vena  cava  (ci2),  their 
thoracic  portions  persist  in  a  reduced  form,  since  they  receive  the 
blood  from  the  intercostal  spaces  (fig.  322  R  ca).  In  this  region 
occurs  still  another  and  last  metamorphosis,  by  which  likewise  an 
asymmetry  is  brought  about  between  the  halves  of  the  body.  In  the 
thoracic  part  of  the  body  the  original  conditions  of  the  circulation  are 
altered  by  the  degeneration  of  the  left  cava  superior  (fig.  322  C  ess). 
The  direct  flow  of  the  left  cardinal  vein  to  the  atrium  is  thereby 
rendered  more  difficult,  and  finally  ceases  altogether,  the  tract  desig- 
nated by  ca2  undergoing  complete  degeneration.  Meanwhile  a  trans- 
verse anastomosis  (hzl),  which  has  been  formed  in  front  of  the 
vertebral  column  and  behind  the  aorta  between  the  corresponding 
vessels  of  both  sides,  receives  the  blood  of  the  left  side  of  the  body 
and  transports  it  to  the  right  side.  In  this  manner  the  thoracic 
part  of  the  left  cardinal  vein  and  its  anastomosis  become  the  left 
hemiazygos  (hz  and  hzl)  ;  the  right  and  larger  cardinal  vein  becomes 
the  azygos  (az). 

Thus  by  many  indirect  ways  is  attained  the  permanent  condition 
of  the  venous  system  of  the  trunk;  with  its  asymmetry  and  its 
preponderance  of  the  venous  trunks  in  the  right  half  of  the  body. 

A  third  series  of  metamorphoses,  which  we  shall  now  take  into 
consideration,  concerns  the  development  of  a  liver  circulation. 

The  liver  receives  its  blood  in  different  stages  of  the  embryonic 
development  from  various  sources :  for  a  time  from  the  vitelline 
veins;  during  a  second  period  from  the  umbilical  veins;  after 
birth,  finally,  from  the  veins  of  the  intestines — the  portal  vein. 
This  threefold  alteration  finds  its  explanation  in  the  conditions  of 
growth  of  the  liver,  the  yolk-sac,  and  the  placenta.  As  long  as  the 
liver  is  small,  the  blood  coming  from  the  yolk-sac  suffices  for  its 
nourishment.  But  when  it  increases  greatly  in  size — the  yolk-sac, 
on  the  contrary,  growing  smaller — other  blood-vessels  at  this  time, 
the  umbilical  veins,  must  supply  the  deficiency.  When,  finally,  at 
birth  the  placental  circulation  ceases,  the  venous  trunks  of  the 
intestinal  canal,  which  meanwhile  have  become  very  large,  can 
supply  the  needs. 

These  circumstances  must  be  kept  in  mind,  in  order  to  comprehend 
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the  shifting  conditions  of  circulation  in  the  liver  and  the  profound 
alterations  to  which  the  venous  trunks  connected  with  it — the 
vitelline,  umbilical,  and  portal  veins — are  naturally  subjected  in 
the  changing  supply  of  blood. 

When  the  hepatic  ducts  grow  out  from  the  duodenum  into  the 
ventral  mesentery  and  septum  transversum  and  send  out  shoots, 
they  enclose  the  two  vitelline  veins  accompanying  the  intestine, 
which  are  at  this  place  connected  with  each  other  by  ring-like 
anastomoses  (sinus  annularis,  His)  which  surround  the  duodenum 
(fig.  320  dv).  They  are  supplied  with  blood  by  lateral  branches 
given  off  from  these  veins.  The  more  the  liver  increases  in  size,  the 
larger  do  the  lateral  branches  (venae  hepaticse  advehentes)  become. 
Between  the  network  of  hepatic  cylinders  (fig.  187  Ic)  they  are 
resolved  into  a  capillary  network  (g),  from  which  at  the  dorsal 
margin  of  the  liver  large  efferent  vessels  (venae  hepaticse  revehentes) 
re-collect  the  blood  and  convey  it  back  into  the  terminal  portion  of 
the  vitelline  vein,  which  empties  into  the  atrium.  In  consequence 
of  this  the  portion  of  the  vitelline  vein  which  lies  between  the 
vense  hepaticae  advehentes  and  revehentes  continually  becomes  smaller, 
and  finally  atrophies  altogether,  since  all  the  blood  from  the  yolk-sac 
is  employed  for  the  hepatic  circulation.  The  same  process  in  the 
main  is  accomplished  here  as  in  the  vessels  of  the  visceral  arches  of 
gill-breathing  Vertebrates,  which  upon  the  formation  of  branchial 
lamellae  are  converted  into  branchial  arteries,  branchial  veins,  and  a 
capillary  network  interpolated  between  the  two. 

The  two  umbilical  veins  participate,  even  at  an  early  period,  in 
the  hepatic  circulation.  Originally  they  run  from  the  umbilical 
cord  in  the  front  [ventral]  wall  of  the  abdomen  (fig.  313  Vu),  from 
which  they  receive  lateral  branches,  and  then  enter  the  sinus 
venosus  (Sr)  above  the  fundament  of  the  liver.  They  pursue,  there- 
fore, an  entirely  different  course  from  that  which  they  do  later, 
when  the  terminal  part  of  the  umbilical  vein  is  situated  under  the 
liver.  According  to  His,  this  change  in  their  course  takes  place  in 
the  following  manner :  The  right  umbilical  vein  in  part  atrophies 
(as  also  in  the  Chick,  p.  552)  and  becomes,  as  far  as  it  persists,  a 
vein  of  the  ventral  wall  of  the  abdomen.  The  left  umbilical  vein, 
on  the  contrary,  gives  off  anastomoses  in  the  septum  transversum  to 
neighboring  veins,  one  of  which  makes  its  way  under  the  liver  to 
the  sinus  annularis  of  the  vitelline  veins,  and  thereby  conducts  a 
part  of  the  placental  blood  into  the  hepatic  circulation.  Since  by 
its  rapid  growth  the  liver  demands  a  large  accession  of  blood,  the 
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anastomosis  soon  becomes  the  chief  course,  and  finally  with  the 
degeneration  of  the  original  tract  receives  all  the  blood  of  the 
umbilical  veins.  This,  mingled  with  the  blood  of  the  yolk-sac, 
circulates  through  the  liver  in  the  vessels  which  took  their  origin 
from  the  vitelline  veins — in  the  venae  hepaticae  advehentes  and 
revehentes.  Then  it  flows  into  the  atrium  through  the  terminal 
part  of  the  vitelline  vein.  The  latter  also  receives  the  inferior  vena 
cava,  which  at  this  time  is  still  inconspicuous,  and  can  therefore 
be  designated  even  now,  in  view  of  the  ultimate  condition,  as  the 
cardiac  end  of  the  inferior  vena  cava. 

During  a  brief  period  all  of  the  placental  blood  must  first  traverse 
the  hepatic  circuit  in  order  to  reach  the  heart.  A  direct  passage  to 
the  inferior  vena  cava 
through  the  ductus  veno- 
sus  Arantii  does  not  yet 
exist.  But  such  an  out- 
let becomes  necessary 
from  the  moment  when, 
by  the  growth  of  the 
embryo  and  the  pla- 
centa, the  blood  of  the 
umbilical  veins  has  so 
increased  in  amount 
that  the  hepatic  circu- 
lation is  no  longer  able 
to  contain  it.  There  is 
then  developed  on  the 

under  surface  of  the  liver  out  of  anastomoses  a  more  direct 
connecting  branch,  the  ductus  venosus  Arantii  (fig.  323  d.A), 
between  umbilical  vein  (n.v)  and  inferior  vena  cava  (c.i").  Thus  is 
established — and  it  persists  until  birth — a  condition  by  which  the 
placental  blood  (n.v)  is  divided  at  the  porta  into  two  currents: 
one  passing  through  the  ductus  venosus  Arantii  (d.A)  into  the 
inferior  vena  cava  (c.i");  the  other  pursuing  a  round-about  way, 
passing  through  the  venae  hepaticae  advehentes  (ha.s  and  ha.d) 
into  the  liver,  here  mingling  with  the  blood  brought  to  the  liver 
through  the  vitelline  vein  (pf.a)  from  the  yolk-sac  and  from  the 
intestinal  canal,  which  has  in  the  meantime  become  enlarged,  and 
finally  passing  through  the  venae  hepaticae  revehentes  (h.r),  also  to 
jeach  the  inferior  vena  cava  (c.i"). 

There  is  still  something  to  be  added  concerning  the  development  of 


ha.s 


Fig.  323.— Liver  of  an  8-months  human  embryo,  seen  from 

the  under  surface,  from  GEGENBAUR. 
l.le,  Left  lobe  of  the  liver  ;  r.le,  right  lobe  ;  n.v,  umbilical 

vein  ;  d.A,  ductus  venosus  Arantii ;  pf.a,  portal  vein  ; 

ha.s,ha.d,  vena  hepatica  advehens  sinistra  and  dextra ; 

h.r,  vena  hepatica  revehens ;  c.i',  cava  inferior  ;  c.i", 

terminal  pare  of  the  cava  inferior,  which  receives  the 

venae  hepaticae  revehentes  (h.r). 
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the  portal  win.  It  is  to  be  seen  in  fig.  323  as  an  unpaired  vessel 
(pf-a}-  It  empties  into  the  right  afferent  hepatic  vein,  derives  its 
roots  from  the  region  of  the  intestinal  canal,  and  conveys  the  venous 
blood  from  the  latter  into  the  right  lobe  of  the  liver.  It  takes  its 
origin  from  the  two  primitive  vitelline  veins. 

According  to  the  account  of  His,  the  two  vitelline  veins  fuse  along 
the  tract  where  they  run  close  together  on  the  intestinal  canal ;  on 
the  contrary,  in  the  region  where  they  run  to  the  liver  and  are 
connected  with  each  other  to  form  two  ring-like  anastomoses,  each  of 
which  encircles  the  duodenum,  an  unpaired  trunk  is  formed  by  the 
atrophy  of  the  right  half  of  the  lower  [posterior]  ring  and  the  left 
half  of  the  upper  one.  The  portal  vein  thus  formed  therefore  runs 
first  to  the  left  and  backward  [dorsad]  around  the  duodenum,  and 
then  emerges  on  the  right  side  of  it ;  it  draws  its  blood  partly  from 
the  yolk-sac  and  partly  from  the  intestinal  canal  through  the  vena 
mesenterica.  Afterwards  the  first  source  is  exhausted  with  the 
regressive  metamorphosis  of  the  yolk-sac,  but  the  other  becomes  more 
and  more  productive  with  the  enlargement  of  the  intestine,  the 
pancreas,  and  the  spleen,  and  during  the  last  months  of  pregnancy 
conveys  a  large  stream  of  blood  to  the  liver. 

The  additional  changes,  which  occur  at  birth,  are  easily  compre- 
hended (fig.  323).  With  the  detachment  of  the  after-birth  the 
placental  circulation  ceases.  The  umbilical  vein  (n.v)  conveys  no- 
more  blood  to  the  liver.  That  portion  of  its  tract  which  extends 
from  the  umbilicus  to  the  porta  hepatis  degenerates  and  becomes  a 
fibrous  ligament  (the  lig.  hepato-umbilicale  or  lig.  teres  hepatis). 
Likewise  the  ductus  Arantii  (d.A)  produces  the  well-known  ligament 
enclosed  in  the  left  sagittal  fissure  (lig.  venosum).  The  right  and 
left  venae  hepaticae  advehentes  (ha.d,  ha.s)  again  receive  their  blood, 
as  in  the  beginning  of  the  development,  from  the  intestinal  canal 
through  the  portal  vein  (pf.a). 

Now  that  we  have  become  acquainted  with  the  details  of  the- 
morphological  changes,  I  close  this  section  on  the  vascular  system 
with  a  short  sketch  of  the  foetal  circulation  of  the  blood.  It  is  cha- 
racteristic of  this  that  no  division  into  two  separate  circulations,  into 
the  major  or  systemic  and  the  minor  or  pulmonary,  has  yet  taken 
place ;  further,  that  in  most  of  the  vessels  neither  purely  arterial  nor 
purely  venous  blood  circulates,  but  a  mixture  of  the  two.  Purely 
arterial  blood  is  contained  only  in  the  umbilical  veins  as  they  come 
from  the  placenta,  whence  we  will  follow  the  circulation. 

Having  arrived  at  the  liver,  the  current  of  the  umbilical  veins  is 
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divided  into  two  branches.  One  stream  goes  directly  through  the 
ductus  Arantii  into  the  inferior  vena  cava,  and  is  here  mingled  with 
the  venous  blood  which  returns  to  the  heart  from  the  posterior  limbs 
and  the  kidneys.  The  other  stream  passes  through  the  liver,  where 
there  is  added  to  it  the  venous  blood  of  the  portal  vein  coming  from 
the  intestine ;  by  this  circuitous  course  it  also  reaches,  through  the 
venae  hepaticse  revehentes,  the  inferior  vena  cava.  From  the  latter 
the  mixed  blood  flows  into  the  right  atrium,  but,  in  consequence  of 
the  position  of  the  Eustachian  valve  and  because  the  foramen  ovale 
is  still  open,  the  greater  part  of  it  passes  through  the  latter  into  the 
left  atrium.  The  other  smaller  part  is  again  mingled  with  venous 
blood,  which  has  been  collected  by  the  superior  vena  cava  from  the 
head,  the  upper  limbs,  and  (through  the  azygos)  from  the  walls  of 
the  trunk,  and  is  propelled  into  the  right  ventricle  and  from  there 
into  the-pulmonalis.  The  latter  sends  a  part  of  its  highly  venous 
blood  to  the  lungs,  the  other  part  through  the  ductus  Botalli  to  the 
aorta,  where  it  is  added  to  the  arterial  current  coming  from  the  left 
ventricle. 

The  blood  of  the  left  ventricle  comes  principally  from  the  inferior 
cava,  only  a  small  part  of  it  from  the  lungs,  which  pour  their  blood, 
which  at  this  time  is  venous,  into  the  left  atrium.  It  is  driven  into 
the  aortic  arch  and  part  of  it  is  given  off  through  lateral  branches  to 
the  head  and  upper  limbs  (carotis  communis,  subclavia)  ;  the  rest  is 
carried  on  downwards  in  the  aorta  doscendens,  where  the  venous 
current  of  blood  from  the  right  atrium  by  the  way  of  the  ductus 
Botalli  is  united  with  it.  The  mixed  blood  is  distributed  to  the 
intestinal  canal  and  the  lower  limbs,  but  the  most  of  it  reaches  the 
placenta  through  the  umbilical  veins,  where  it  is  again  made  arterial. 

In  the  distribution  of  the  blood  in  the  anterior  and  the  posterior  regions 
of  the  body  a  noteworthy  difference  is  easily  recognised.  The  former  receives 
through  the  carotis  and  subclavia  a  more  arterial  blood,  since  to  the  stream  in 
the  aorta  descendens  is  added  the  venous  blood  of  the  right  ventricle  through 
the  ductus  Botalli.  Especially  in  the  middle  of  pregnancy  is  this  difference 
important.  There  has  been  an  endeavor  to  refer  to  this  fact  the  more  rapid 
growth  of  the  upper  part  of  the  body  in  comparison  with  the  lower. 

As  this  sketch  has  shown,  there  is  everywhere  a  mingling  of  the 
different  kinds  of  blood.  This,  it  is  true,  is  not  uniform  in  the  different 
months  of  embryonic  life,  because,  indeed,  the  separate  organs  do  not 
alter  in  size  uniformly,  and  especially  because  the  lungs  during  the 
later  stages  are  in  a  condition  to  receive  more  blood,  and  finally 
because  the  foramen  ovale  and  the  ductus  Botalli  become  narrower 


588  EMBRYOLOGY. 

during  the  last  months.  On  account  of  these  facts,  less  blood 
passes,  even  before  birth,  from  the  inferior  vena  cava  into  the  left 
atrium,  and  likewise  less  from  the  pulmonary  artery  into  the 
descending  aorta,  than  was  the  case  in  earlier  months.  Thus  there 
is  gradually  introduced  toward  the  end  of  pregnancy  a  separation 
into  a  right  and  a  left  heart,  with  their  separate  blood-currents 
(HASSE).  But  it  is  almost  at  a  single  stroke  that  this  separation,  in 
consequence  of  birth,  becomes  complete. 

Great  alterations  are  DOW  brought  about  by  the  beginning  of 
pulmonary  respiration  and  by  the  cessation  of  the  placental  circulation. 
Both  events  cooperate  to  increase  the  blood-pressure  in  the  left 
heart,  and  to  diminish  that  in  the  right.  The  blood -pressure  becomes 
reduced  because  no  more  blood  runs  into  the  right  atrium  from  the 
umbilical  vein  and  because  the  right  ventricle  must  furnish  more 
blood  to  the  expanding  lungs.  In  consequence  of  this  the  ductus 
Botalli  (fig.  318  ri)  is  closed  and  then  converted  into  the  ligamentum 
Botalli.  Since,  moreover,  a  greater  quantity  of  blood  now  flows 
from  the  lungs  into  the  left  atrium,  the  pressure  in  the  latter  is 
increased,  and  since  at  the  same  time  the  pressure  is  diminished  in 
the  right  atrium,  the  closure  of  the  foramen  ovale,  owing  to  the 
peculiar  valvular  arrangements,  is  now  effected.  For  the  margin  of 
the  valvula  foraminis  ovalis  applies  itself  firmly  to  the  limbus 
Vieussenii  and  fuses  with  it. 

By  the  closure  of  the  oval  foramen  and  the  Botallian  duct  the 
division  of  the  blood-current  into  a  major,  systemic  circuit  and  a 
minor,  pulmonary  circuit,  which  was  initiated  before  birth,  is  now 
completed. 

SUMMARY. 
Development  of  the  Heart. 

1.  In  the  first  fundament  of  the  heart  two  different  types  can  be 
distinguished  in  Vertebrates. 

First  Type.  In  Cyclostomes,  Selachians,  Ganoids,  and  Amphibia 
the  heart  is  developed  from  the  beginning  as  an  unpaired 
structure  on  the  under  [ventral]  surface  of  the  cavity  of 
the  head-gut,  in  the  ventral  mesentery,  which  is  thereby 
divided  into  a  mesocardium  anterius  and  posterius. 

Second  Type.  In  Birds  and  Mammals  the  heart  is  developed 
out  of  separate  halves,  which  afterwards  fuse  with  each 
other  into  a  single  tube,  which  then  has  the  same  position 
as  in  the  first  type. 
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2.  The  second  type  is  to  be  derived  from  the  first,  and  is  explain- 
able as  an  adaptation  to  the  great  size  of  the  yolk,  in  that  the  heart 
is  established  at  a  time  when  the  splanchnopleure  is  still  spread  out 
flat  upon  the  yolk  and  is  not  yet  folded  together  to  form  the  head- 
gut. 

3.  The  cells  which  are  united  to  form  the  endothelium  of   the 
heart   are   split   off  from   a   proliferating,  thickened  place   of   the 
entoderm. 

4.  The  heart  is  first  established  in  all  Vertebrates  in  the  cervico- 
cephalic  region  behind  the  last  visceral  arch. 

5.  The  posterior  or  venous  end  of  the  single  cardiac  tube  receives 
the  blood  from  the  body  through  the  omphalomesenteric  veins  •  the 
anterior  or  arterial  end  gives  off  the  blood  to  the  body  through  the 
truncus  arteriosus. 

6.  In  the  amniotic  Vertebrates  the  single  cardiac  sac  is  converted 
by  a   series  of   metamorphoses — (1)  by  flexures,  constrictions,  and 
changes  of  position,  and  (2)  by  the  formation  of  partitions  inside  of 
it — into  a  heart  composed  of  two  ventricles  and  two  atria. 

7.  The  straight  sac  assumes  the  form  of  a  letter  S. 

8.  The  venous  portion  of   the  8  comes  to  lie   more   dorsal,  the 
arterial  more  ventral ;  the  two  are  marked  off  from  each  other  by  a 
constriction,  the  auricular  canal,   and  are  now  to  be  distinguished 
as  atrium  and  ventricle. 

9.  The  venous  portion  or  the  atrium  forms  lateral  evaginations, 
the  auricles  of  the  heart,  which  surround  from  behind  the  truncus 
arteriosus. 

10.  The  formation  of  partitions,  by  which  atrium,  ventricle,  and 
truncus  arteriosus  are  divided  into  right  and  left  halves,  begins  at 
three  different  places. 

(a)  First  of  all,  the  atrium  is  divided  by  an  atrial  partition  into 

a  right  and  a  left  half  ;  but  the  separation  is  incomplete, 
since  there  exists  a  passage  in  the  partition,  the  foramen 
ovale,  which  remains  open  up  to  the  time  of  birth. 

(b)  By  its  downward  growth  the  atrial  partition  reaches  the 

auricular  canal  (septum  intermedium  of  His)  and  divide* 
the  opening  in  it  into  a  right  and  left  ostium  atrioven- 
triculare. 

(c)  The  ventricle  is  divided  into  right  and  left  halves   by  a 

partition  (septum  ventriculi)  beginning  at  the  apex  of 
the  heart ;  the  division  is  also  indicated  externally  by  the 
sulcus  interventricularis. 


590  EMBRYOLOGY. 

(d)  The  trimcus  arteriosus  is  divided  into  pulmonary  artery  and 

aorta  by  the  development  of  a  special  partition,  which 
begins  above,  grows  downward,  and  joins  the  ventricular 
partition. 

(e)  The  complete  separation  of  the  atria  first  takes  place  after 

birth  by  the  permanent  closure  of  the  foramen  ovale. 

11.  At  the  ostium  atrioventriculare  and  at  the  ostium  arteriosum 
the  first  fundaments  of  the  valves  are  formed  as  thickenings  of  the 
endocardium  (endocardial  cushions)  projecting  inward. 

Development  of  the  Chief  Arterial  Trunks  of  Man  and  Mammals. 

12.  From  the  truncus  arteriosus  there  arise  five  pairs  of  visceral- 
arch  vessels  (aortic  arches),  which  run  along  the  visceral  arches, 
embrace  the  head-gut  laterally,  and  unite  dorsally  to  form  the  two 
primitive  aortse. 

13.  The  two  vessels  fuse  at  an  early  period  to  form  the  unpaired 
aorta  lying  under  the  vertebral  column. 

14.  In  Mammals,  of  the  five  pairs  of  visceral-arch  vessels  the  first 
and  second  degenerate  ;  the  third  furnishes  the  proximal  part  of  the 
carotis  interna ;  the  fourth  arch  becomes  on  the  left  side  the  aortic 
arch,  on  the  right  side  the  arteria  anonyma  brachiocephalica  and 
the  proximal  part  of  the  subclavia  ;  [the  fifth  early  disappears ;]  the 
fifth  [sixth]  arch  gives  off  branches  to  the  lungs,  and  becomes  the 
pulmonary  artery,  but  on  the  left  side  remains  until  the  time  of 
birth   in   open  communication   with   the   aortic   arch   through   the 
ductus  Botalli,  whereas  the  corresponding  portion  on  the  right  side 
atrophies. 

15.  After  birth  the  ductus  Botalli  is  closed  and  converted  into  the 
ligament  of  the  same  name. 

16.  From  the  aorta  two  pairs  of  large  arterial  trunks  go  to  the 
foetal  membranes — to   the   yolk-sac   the   vitelline   arteries  (arterise 
omphalomesentericse),  to   the  allantois  and   placenta  the  umbilical 
arteries. 

17.  The  vitelline  arteries  subserve  the  vitelline  circulation,  and 
afterwards,  with  the  reduction  of  the  umbilical  vesicle,  degenerate. 

18.  The  umbilical  arteries,  which  continually  become  larger  with 
the  increasing  development  of  the  placenta,  arise  from  the  lumbar 
portion  of  the  aorta,  pass  forward  [ventral]  in  the  lateral  wall  of  the 
pelvis,  then  at  the  side  of  the  bladder  and  along  the  inner  surface  of 
the  abdominal  wall  to  the  umbilicus  and  umbilical  cord. 
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19.  The  umbilical  arteries  give  off  the  iliaca  interna  to  the  cavity 
of  the  pelvis,  the  iliaca  externa  to  the  lower  limbs. 

20.  After  birth  the  umbilical  artery  degenerates  into  the  ligaman- 
tum  vesico-umbilicale  laterale,  with  the  exception  of  its  proximal  part, 
which  persists  as  the  iliaca  communis. 


Development  of  the  Chief  Venous  Trunks. 

21.  With  the  exception  of  the  inferior  vena  cava,  all  venous  trunks 
;ire  established  in  pairs. 

22.  The  two  jugulars  collect  the  blood  from  the  head,  the  two 
cardinals  from  the  trunk,  but  especially  from  the  primitive  kidneys. 

23.  The  jugular  and  cardinal  veins  of  either  side  unite  to  form  the 
Cuvierian  ducts,  which  pass  transversely  from  the  lateral  wall  of  the 
trunk  to  the  posterior  end  of  the  heart,  imbedded  in  a  transverse  fold 
of  the  front  Avail  of  the  trunk,  the  septum,  transversum. 

24.  The  two  vitelline  veins  collect  the  blood  from  the  yolk-sac ; 
from  the  navel  onward  they  run  in  the  ventral  mesentery  to  the 
:s&ptuin  transversum. 

25.  The  two  umbilical  veins  collect  the  blood  from  the  placenta  ; 
from  the  attachment  of  the  umbilical  cord  they  run  at  first  in  the 
abdominal  wall  to  the  transverse  septum. 

26.  In   the   septum   transversum   the   Cuvierian   ducts   and  the 
vitelline  and  umbilical  veins  unite  to  form  the  sinus  reuniens,  which 
subsequently   disappears   as   an   independent   structure   and   is   in- 
corporated in  the  atrium. 

27.  The  cardinal  veins  diminish  in  importance  (1)  in  consequence 
of  the  degeneration  of  the  primitive  kidneys,  and  (2)  from  the  fact 
that  the  blood  from  the  lower  half  of  the  body  is  conveyed  back  to 
the  heart  by  the  inferior  vena  cava. 

28.  The  upper  part  of  the  inferior  vena  cava  arises  as  an  unpaired, 
independent  vessel  between  the  two  cardinal  veins,  and  then,  at  the 
place  where  the  renal  veins  empty  in,  unites  with  the  right  cardinal 
vein.     The  latter  is  in  this  way  converted  into  the  lower  portion  of 
the  inferior  cava. 

29.  The  Cuvierian  ducts  with  the  beginning  of  the  jugular  veins 
are  designated  as  the  venae  cavae  superiores. 

30.  An  asymmetry  in  the  embryonic  venous  trunks,  which  are 
established  in   pairs,   is  brought   about   by  the   fact  that  the  two 
superior  venae  cavae,  and  also  at  their  middle  the  remnants  of  the 
two  cardinal  veins,  are  joined  together  by  transverse  trunks. 
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31.  Since  through  these  cross  anastomoses  more  and  more  of  the 
blood,  and  finally  the  whole  of  it,  is  conveyed  from  the  trunks  of  the 
left  half  of  the  body  into  those  of  the  right  half,  the  proximal  part 
of  the  left  superior  vena  cava,  except  a  small  portion,  which  lies  in 
the  coronary  groove  of  the  heart,  degenerates,  receives  the  cardiac 
veins,  and  becomes  the  sinus.coronarius  cordis.     Likewise  the  cardiac 
end  of  the  left  cardinal  vein  disappears. 

32.  From  the  paired  fundaments  of  the  venous  trunks  are  formed 
the  single  superior  vena  cava,  the  sinus  coronarius  cordis,  and  the 
vena  azygos  and  hemiazygos. 

33.  The  vitelline  veins,  which  afterwards  become  unpaired,  give 
rise,  when  the  liver  is  developed,  to  the  portal  circulation  (the  venae 
hepaticse  advehentes  and  revehentes). 

34.  The  umbilical  veins,  of  which  the  right  early  degenerates,  origi- 
nally run  in  the  abdominal  wall  above  the  liver  to  the  sinus  reuniens ; 
then  the  left  forms  an  anastomosis  with  the  vitelline  vein  under  the 
liver,  whereby  its  current  shares  in  the  portal  circulation. 

35.  There  arises  out  of  an  anastomosis  between  the  umbilical  vein 
and  the  cardiac  end  of  the  inferior  vena  cava  on  the  under  surface 
of  the  liver  the  ductus  venosus  Arantii,  which  results  in  the  division 
of  the  blood  of  the  umbilical  vein  into  two  currents. 

36.  After  birth  the  umbilical  vein  degenerates  into  the  ligamentum 
teres  hepatis,  and  the  ductus  venosus  Arantii  is  obliterated ;  the  venae 
hepaticse  advehentes  now  receive  their  blood  from  the  terminal  part 
of  the  original  vitelline  vein  or  the  portal  vein  only,  which  collects 
the  blood  from  the  intestinal  canal. 

37.  The  septum  transversum,  in  which  run  the  venous  trunks  on 
their  way  to  the  heart,  is  the  starting-point  for  the  development  of 
the  diaphragm  and  the  pericardial  sac,  and  forms  at  first  an  incom- 
plete partition  between  the  abdominal  cavity  and  pleuro-pericardial 
cavity,  which  still  communicate  with  each  other  on  either  side  of 
the  vertebral  column. 

38.  The  pericardial  sac  is  separated  off  from  the  thoracic  cavity 
as  follows  :  (1)  the  Cuvierian  ducts  or  future  superior  vena3  cavse, 
instead  of  running  transversely,  run  more  and  more  obliquely  from 
above  downward,  detach  themselves  from  the  septum  -trans versum, 
and  elevate  the  pleura  into  pericardial  folds,  which  run  from  above 
downward  and  project  inward  ;  (2)  the  margin  of  the  pericardial  fold 
fuses  with  the  mediastinum  posterius,  in  which  are  enclosed  oesophagus 
and  aorta,  whereby  the  superior  venae  cavse  are  transferred  to  the 
mediastinum. 


THE  ORGANS  OF  THE  INTERMEDIATE  LAYER  OR  MESENCHYME.  593 

39.  The  thoracic  cavities  have  for  a  time  the  form  of  tubular  spaces 
lying  on  the  dorsal  side  of  the  heart  and  on  either  side  of  the  spinal 
cplumn  ;  they  receive  the  developing  lungs,  and  still  communicate 
caudad  with  the  abdominal  cavity. 

40.  The  two  thoracic  cavities  are  separated  from  the  abdominal 
cavity  by  the  fusion  of  the  dorsal  rim  of  the  septum  transversum 
with  peritoneal  folds  of  the  dorsal  wall  of  the  trunk  (the  pillars  of 
USKOW). 

41.  The  diaphragm  is  composed  of  two  parts,  the  ventral  septum 
transversum,  and  a  dorsal  part,  the  pillars. 

42.  Upon  its  first  establishment  the  liver  grows  into  the  septum 
transversum,  but  subsequently  detaches  itself  from  the  latter  and 
remains  united  to  the  diaphragm  by  means  of  its  peritoneal  covering 
only,  the  coronal  ligament. 


II.  The  Development  of  the  Skeleton. 

With  the  exception  of  the  chorda  dorsalis,  which  takes  its  origin. 
from  the  inner  germ-layer,  the  skeleton  of  Vertebrates  is  a  product 
cf  the  intermediate  layer,  resulting  from  a  series  of  histological 
differentiations,  a  general  survey  of  which  has  already  (p.  540)  been 
given.  There  have  appeared  many  articles  treating  on  this  very 
complicated  apparatus  in  the  higher  Vertebrates  from  a  develop- 
mental and  also  especially  from  a  comparative-anatomical  standpoint. 
By  an  exhaustive  treatment  of  this  subject  this  part  of  the  work 
would  attain  to  greater  proportions  than  the  plan  of  the  present  text- 
book permits.  I  shall  therefore  limit  myself  to  the  more  important 
conditions  of  organisation  and  for  what  remains  refer  to  the  text- 
books of  comparative  anatomy. 

Two  chief  parts  are  distinguishable  in  the  skeleton  of  Vertebrates  i 
(1)  the  axial  skeleton,  which  is  in  turn  divisible  into  that  of  the- 
trunk  and  that  of  the  head,  and  (2)  the  skeleton  of  the  limbs. 
The  former  is  the  older  and  more  primitive,  being  possessed  by  all 
Vertebrates ;  the  latter  has  been  developed  later,  and  is  entirely 
wanting  in  the  lower  groups  (Amphioxus,  Cyclostomes). 


A.  The  Development  of  the  Axial  Skeleton. 

The  original  foundation  of  the  axial  skeleton  of  all  Vertebrates- 
is  the  notochord  or  chorda  dorsalis.  By  this  is  understood  a 
flexible,  rod-like  structure,  which  is  situated  in  the  axis  of  the  body 
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below  the  neural  tube  and  above  the  intestine  and  aorta.     It  reaches 
from  the  front  end  of  the  base  of  the  mid-brain  to  the  end  of  the  tail. 

For  a  time  after  its  establishment  the  front  end  of  the  chorda  remains  in 
union  at  a  small  place  with  the  epithelium  of  the  fore -gut.  This  place  is 
immediately  behind  the  upper  attachment  of  the  primitive  pharyngeal 
membrane  (Rachenhaut).  There  is  here  found,  a  little  behind  the  hypo- 
physial  pocket,  a  slight  depression  in  the  epithelial  lining  of  the  fore-gut  — 
SEESSEL'S  pocket  or  the  palatal  pocket  of  SELENKA.  It  is  only  some  time 
after  the  rupture  of  the  pbaryngeal  membrane  that  the  chorda  becomes 
detached  from  the  intestinal  epithelium  and  ter- 
minates free  in  the  mesenchyma,  often  with  a 
hook-like  end  (KEIBEL,  KAXX,  CARIUS). 

In  the  case  of  Amphioxus  the  chorda  is 
the  only  skeletal  structure  present  in  the 
whole  of  the  soft  body;  in  the  lower  Ver- 
tebrates (Cyclostomes,  Fishes,  Amphibia)  it 
exists  even  in  the  adult  animals  as  a  more 
or  less  important  organ ;  but  in  the  Ainniota 
it  is  reduced  almost  to  obliteration,  and  only 
in  the  earliest  stages  of  development  plays 
a  role  as  the  forerunner,  as  it  were,  of  the 
higher  form  of  axial  skeleton  which  finally 
takes  its  place.  While  reference  is  made 
to  previous  portions  of  the  text-book  for  in- 
formation about  the  first  development  of  the 
chorda,  its  further  metamorphosis  may  be 
treated  of  here  more  at  length.  This  varies 
according  as  the  chorda  becomes  a  really 
functional  organ  or  soon  begins  to  degene- 
rate. 

In  the  first  instance,  when  the  band  of  chordal  cells  has  been 
constricted  off  from  the  inner  germ-layer,  it  becomes  more  sharply 
limited  at  its  periphery  by  the  secretion  of  a  firm,  homogeneous 
envelope,  the  sheath  of  the  chorda  (fig.  324  cs).  Then  the  cells 
increase  in  size  by  the  accumulation  ef  fluid  within  their  protoplasm, 
which  finally  exists  in  the  form  of  a  thin  superficial  layer  only  •  the 
cells  become  enveloped  in  firm  membranes,  thus  acquiring  exactly 
the  appearance  of  plant  cells.  But  directly  beneath  the  sheath  of 
the  chorda  (fig.  324)  the  cells  remain  small  and  protoplasmic  and 
constitute  a  special  layer,  the  chorclal  epithelium,  which  by  proli- 
feration and  metamorphosis  of  its  elements  causes  an  increase  of  the 
substance  of  the  chorda. 


fig.  394.  —  Cross  section 
through  the  vertebral 
column  of  a  young 
Salmon,  after  GEGEN- 

BAUR. 

<s,  Sheath  of  the  chorda ; 
k,  neural  arch  ;  k', 
haemal  arch ;  m,  spinal 
cord  ;  a,  dorsal  aorta ; 
vt  cardinal  veins. 
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Immediately  after  its  formation  the  chorda  is  in  contact  above 
with  the  neural  tube,  below  with  the  entoderm.  and  laterally 
with  the  primitive  segments.  This  relation  is  altered  as  soon  as 
the  intermediate  layer  makes  its  appearance  between  the  first 
embryonic  fundaments.  Then  a  layer  of  cells  grows  around  the 
chorda  (fig.  262),  spreads  itself  out  from  here  around  the  neural  tube 
above,  and  furnishes  the  foundation  from  which  are  developed  the 
segmented  vertebral  column  and  in  front,  in  the  region  of  the  five 
brain-vesicles,  the  cranial  capsule ;  it  has  therefore  received  the 
name  of  membranous  vertebral  column  and  of  membranous  cranial 
capsule  (membranous  primordial  cranium]  •  it  is  also  appropriately 
designated  as  skeletogenous  layer,  the  envelope  which  invests  the 
chorda  being  called  the  skeletogenous  sheath  of  the  chorda. 
(Compare  p.  172  for  an  account  of  the  first  formation  of  it.) 

The  mesenchyme  also  spreads  out  laterally  in  the  embryo,  pene- 
trates into  the  spaces  between  primitive  segments,  and  is  converted 
into  thin  plates  of  connective  tissue  (ligamenta  intermuscularia),  by 
means  of  which  the  musculature  of  the  trunk  is  parted  into  separate 
muscle  segments  (myomeres).  The  muscle-fibres  find  attachment 
and  support  upon  both  the  anterior  and  posterior  faces  of  these 
plates. 

Such  a  condition  is  permanently  preserved  in  Amphioxus  lanceo- 
latus.  The  chorda,  with  its  sheath,  is  the  only  firm  skeletal  structure. 
Fibrous  connective  tissue  (membranous  vertebral  column)  envelops 
it  and  the  neural  tube,  and  sends  out  into  the  musculature  of  the 
trunk  the  intermuscular  ligaments. 

When  the  originally  membranous  tissue  surrounding  the  chorda 
and  neural  tube  is  followed  in  its  further  development  in  the 
embryos  of  the  higher  Vertebrates,  it  is  to  be  seen  that  it  succes- 
sively undergoes  tivo  metamorphoses :  that  at  first  it  is  partially 
chondrified,  and  that  subsequently  the  cartilaginous  pieces  are 
converted  into  osseous  tissue ;  or,  in  other  words,  the  first- established 
membranous  vertebral  column  is  soon  converted  into  a  cartilaginous, 
and  this  in  turn  is  replaced  by  a  bony  one,  and  in  tJie  same  manner 
the  membranous  primordial  cranium  is  transformed  into  a  cartila- 
ginous, and  this  in  turn  into  a  bony  cranial  capsule. 

The  three  stages  which  succeed  one  another  in  the  development 
of  the  higher  Vertebrates  are  also  encountered  in  a  comparative- 
anatomical  investigation  of  the  axial  skeleton  in  the  series  of 
Vertebrates,  and  in  such  a  manner  that  the  condition,  which  in 
many  classes  appears  only  as  a  transitory  embryonic  one,  is  retained 
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permanently  in  the  lower  classes.  As  Amphioxus  possesses  a 
membranous  axial  skeleton,  so  the  Selachians  and  certain  of  the 
Ganoids  are  representatives  of  the  stage  with  cartilaginous  vertebral 
column.  The  third  stage  in  the  evolution  of  the  axial  skeleton  is 
more  or  less  completely  attained  by  all  the  higher  Vertebrates. 

This,  again,  is  a  very  instructive  example — of  which  the  embryology 
of  the  skeleton  presents  many  others — of  the  parallelism  which  exists 
between  the  development  of  the  individual  and  that  of  the  race ;  it 
teaches  how  embryological  and  comparative-ana- 
tomical investigations  are  mutually  complementaL 
In   the   detailed   description   of   the   conditions 
which   are   observed   in   the  development   of   the 
cartilaginous  and  bony  axial  skeleton,  I  shall  limit 
myself  to  Man  and  Mammals,   and   since   great 
differences    exist   between    the    posterior    region, 
which  encloses  the  spinal  cord,  and  the  anterior, 
which  envelops  the  vesicles  of  the  brain,  I  shall 
treat  of  them  separately. 


Tig.  325.  — Longitu- 
dinal [frontal]  sec- 
tion through  the 
thoracic  region  of 
the  vertebral 
column  of  a  human 
embryo  8  weeks 
old,  after  KOL- 

L1KER. 

v,  Cartilaginous 
body  of  vertebra; 
li,  intervertebral 
ligament;  ch 
chorda. 


(a)  Development  of  the  Vertebral  Column. 


The   process   of    chondrification    commences   in 
Man  at  the  beginning  of  the  second  month.     At 
certain  places  in  the  tissue  enveloping  the  chorda 
the  cells  secrete  between  themselves  a  cartilaginous 
matrix,  and  move  farther  apart,  whereas  at  other 
intervening  and  narrower  tracts  the  character  of 
the  tissue  is  not  altered  (fig.  325).    In  this  manner 
the  skeletogenous  layer  is  differentiated  into  nu- 
merous vertebral  bodies  (v),  which  in  longitudinal  sections  are  the 
more    translucent,    and    into    the   intervertebral    discs   (ligamenta 
intervertebralia)  which  separate  them  (li). 

The  process  of  chondrification,  as  FEOKIEP  has  followed  it  in  the  case  of  the 
embryo  calf,  proceeds  as  follows:  there  arise  on  both  sides  of  the  chorda 
masses  of  cartilage  which  are  united  on  the  ventral  side  of  it  by  a  thinner 
layer.  Somewhat  later  the  cartilaginous  half-cylinder  is  closed  on  the  dorsal 
side  also. 

Upon  the  appearance  of  a  segmented  vertebral  column  the 
chorda  loses  its  function  of  a  supporting  skeletal  rod.  From  this 
time  forward  it  therefore  suffers  a  gradual  obliteration.  The  parts 
enclosed  in  the  bodies  of  the  vertebrae  are  restricted  in  their  growth r 
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whereas  the  shorter  portions  lying  in  the  soft  intervertebral  discs 
continue  to  enlarge  (fig.  325  ch).  Thus  the  chorda  now  acquires  the 
appearance  of  a  string  of  beads,  since  thickened  spheroidal  portions 
are  joined  to  one  another  by  small  connecting  thread-like  portions. 
Subsequently  it  entirely  disappears  in  the  bodies  of  the  vertebrae, 
especially  when  the  latter  begin  to  ossify  (fig.  326)  ;  the  intervertebral 
portion  (li)  alone  persists,  although  indistinctly  limited  from  the 


Fig.  326. — Longitudinal  [sagittal]  section  through  fie  intervertebral  ligament  and  the  adjacent 
parts  of  two  vertebrae  from  the  thoracic  region  of  an  advanced  embryo  Sheep,  after  KOLLIKER. 

la,  Ligament  longitudinale  anterius  ;  Ip,  lig.  long,  posfcerius  ;  li,  lig.  intervertebrale ;  k,  k',  car- 
tilaginous caps  (epiphyses)  of  the  vertebrae  ;  w  and  10',  anterior  and  posterior  vertebrae ; 
c,  intervertebral,  c'  and  c",  vertebral  enlargements  of  the  chorda. 

surrounding  tissue,  and  produces  by  the  proliferation  of  its  cells  the 
gelatinous  core  of  the  intervertebral  disc. 

Soon  after  the  appearance  of  the  bodies  of  the  vertebrae  the  funda- 
ments of  the  corresponding  arches  are  observable.  According  to 
FRORIEP'S  account,  there  arise  small,  independsnt  pieces  of  cartilage 
in  the  membrane  enveloping  the  spinal  cord,  in  the  immediate 
vicinity  of  the  bodies  of  the  vertebrae,  with  which  they  soon  fuse. 
Their  growth  is  rather  slow.  During  the  eighth  week  they  still 
appear  in  Man  as  short  processes  from  the  bodies  of  the  vertebrae, 
so  that  the  spinal  cord  is  still  covered  dorsally  by  the  membranous 
skeleton.  In  the  third  month  they  grow  into  contact  with  each 
other  at  the  dorsum ;  however,  it  is  only  in  the  following  month 
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that  a  complete  fusion  takes  place,  and  that  cartilaginous  neural 
spines  are  formed.  The  part  of  the  membrane  which  lies  between 
the  cartilaginous  arches  furnishes  the  ligamentous  apparatus. 

In  the  process  of  chondrification  the  nascent  bodies  of  the  vertebrae 
have  a  fixed  position  relative  to  the  primitive  or  muscle-segments , 
it  is  such  that  on  either  side  of  the  body  they  are  adjacent  to  two 
of  the  latter,  one  half  to  a  preceding  segment,  the  other  half  to  a 
following  one ;  or,  in  other  words,  the  bodies  of  the  vertebrce  and  the 
muscle-segments  do  not  coincide,  but  in  their  positions  alternate  with 
each  other. 

The  necessity  of  such  an  arrangement  follows  from  the  very 
function  which  vertebral  column  and  musculature  together  have  to 
fulfil.  The  axial  skeleton  must  possess  two  opposite  properties 
united :  it  must  be  firm,  but  also  flexible, — firm,  in  order  to  serve  as 
a  support  for  the  trunk ;  flexible,  so  as  not  to  impede  the  motions  of 
the  latter.  Since  a  continuous  cartilaginous  rod  would  not  have 
possessed  sufficient  flexibility,  th^  process  of  chondrification  could  not 
take  place  throughout  the  whole  extent  of  the  skeletogenous  layer, 
but  there  must  be  left  more  elastic  tracts,  which  allow  a  movement 
of  the  cartilaginous  pieces  on  one  another.  But  a  movement  of  the 
cartilaginous  pieces  would  obviously  be  impossible  if  they  should  lie 
so  that  the  muscle  fibres  had  their  origin  and  insertion  on  one  and 
the  same  vertebral  element.  In  order  that  the  fibres  of  a  muscle- 
segment  may  operate  upon  two  vertebrae,  the  muscular  and  vertebral 
segments  must  alternate  in  position. 

This  process,  which  is  easily  intelligible  in  the  way  in  which  it  has 
been  outlined,  has  given  occasion  for  the  assumption  of  a  "  reseg- 
mentation  of  the  vertebral  column"  This  conception  originated  with 
REMAK,  and  since  then  has  been  for  a  long  time  tenaciously  held  to 
in  the  literature. 

REMAK,  like  other  embryologists  before  him  (BAER),  perceived  in 
the  primitive  segments  of  the  Chick  the  material  for  the  establishment 
of  the  vertebral  column,  and  therefore  gave  them  the  name  "  proto- 
vertebrse."  But  inasmuch  as  he  found  that  the  cartilaginous  vertebrae 
did  not  afterwards  correspond  in  position  with  the  protovertebrae,  he 
announced  the  proposition  that  a  new  "  segmentation  of  the  vertebral 
column  takes  place,  from  which  arise  the  secondary,  permanent  bodies 
of  the  vertebrae." 

Both  the  name  "  protovertebra  "  and  the  assumption  of  a  reseg- 
mentation  of  the  vertebral  column  should  be  dropped,  and  for  the 
following  reasons : — 
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The  signification  of  the  primitive  segments  consists,  if  not  exclu- 
sively, at  least  principally,  in  this,  that  they  are  the  fundaments  of 
the  musculature  of  the  body.  But  in  the  arrangement  of  the  muscu- 
lature is  expressed  the  original  and  oldest  segmentation  of  the  vertebrate 
body.  It  is  present  even  in  Amphioxus  and  the  Cyclostomes.  The 
segmentation  of  the  vertebral  column,  on  the  contrary,  was  acquired 
much  later,  and  has  resulted,  as  was  explained  above,  from  a  necessary 
dependence  on  the  segmentation  of  the  musculature.  A  primary 
segmentation  of  the  vertebral  column  as  understood  by  REMAK  and 
his  followers  has  never  existed,  for  the  cartilaginous  vertebrae  are 
formed  from  an  unsegmented  mass  of  tissue  enveloping  the  chorda — 
from  the  skeletogenous  layer.  One  cannot  speak  of  a  segmentation 
of  the  vertebral  column  until  the  beginning  of  the  process  of  chon- 
drification,  by  reason  of  which  alone  it  became  necessary. 

Even  before  the  cartilaginous  vertebral  column  has  been  completely 
established,  it  enters  in  Mammals  upon  the  third  stage,  which  begins 
in  Man  at  the  end  of  the  second  month. 

The  ossification  of  every  cartilage  takes  place  in  the  main  in  a 
corresponding,  typical  manner.  Blood-vessels  at  one  or  several 
places  grow  from  the  surface  into  its  interior,  dissolve  the  matrix  of 
the  cartilage  of  a  limited  region,  so  that  there  arises  a  small  cavity 
filled  with  vascular  capillaries  and  marrow-cells.  In  the  vicinity  of 
this  salts  of  lime  are  deposited  in  the  cartilage.  By  a  portion  of  the 
proliferated  medullary  cells,  which  become  osteoblasts,  bone  substance 
is  then  secreted  (fig.  326  w).  In  this  manner  there  arises  in  the 
midst  of  the  cartilaginous  tissue  a  so-called  bone  nucleus  or  centre  oj 
ossification,  around  which  the  destruction  of  the  cartilage  and  its 
replacement  by  osseous  tissue  advance  further  and  further. 

The  places  where  the  separate  bone  nuclei  are  formed,  as  well  as  their 
number,  are  tolerably  uniform  for  the  different  cartilages. 

In  general  the  ossification  of  each  vertebra  proceeds  from  three 
points.  At  first  a  centre  of  ossification  is  established  in  the  base  of 
each  half  of  the  vertebral  arch,  to  which  there  is  added  somewhat 
later  a  third  centre  in  the  middle  of  the  body  of  the  vertebra.  In 
the  fifth  month  the  ossification  has  advanced  up  to  the  surface  of 
the  cartilage.  Each  vertebra  is  now  distinctly  composed  of  three 
pieces  of  bone,  which  for  a  long  time  continue  to  be  joined  to  one 
another  by  bridges  of  cartilage  at  the  base  of  each  half  of  the  arch 
and  at  the  union  of  the  latter  with  the  vertebral  spines.  The  last 
remnants  of  cartilage  do  not  ossify  until  after  birth.  During  the 
first  year  with  the  development  of  a  bony  spinous  process  the  halves 
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of  the  arch  are  fused.  Each  vertebra  is  then  separable  after 
destruction  of  the  soft  parts  into  two  pieces,  into  the  body  and  the 
arch.  These  are  united  between  the  third  and  eighth  years. 

In  addition  to  the  pieces  of  bone  just  described,  accessory  centres  of  ossification 
appear  on  the  vertebrae  in  subsequent  years  ;  it  is  in  this  way  that  there  arise 
the  epiphysial  plates  at  the  end-surfaces  of  the  body  and  the  small  bony  pieces 
at  the  ends  of  the  vertebral  processes  (the  spinous  processes  and  the  transverse 
processes).  SCHWEGEL  gives  detailed  information  concerning  the  time  of  their 
appearance  and  their  fusion. 

Cartilaginous  skeletal  parts,  which  serve  for  the  support  of  the 
lateral  and  ventral  walls  of  the  body,  the  ribs  and  the  breast  bone, 
contribute  to  the  completion  of  the  axial  skeleton. 

The  ribs  are  developed  independently  of  the  vertebral  column,  in 
Man  during  the  second  month,  by  the  chondrification  of  strips  of 
tissue  in  the  intermuscular  ligaments  between  the  successive  muscle- 
segments.  They  are  at  first  visible  as  small  bent  rods  in  the  imme- 
diate vicinity  of  the  body  of  the  vertebra,  and  from  here  they  rapidly 
extend  ventrally. 

In  early  stages  of  development  ribs  are  established  from  the  first 
to  the  last  segment  of  the  vertebral  column  (the  coccyx  in  Man 
excepted),  but  only  in  the  case  of  the  lower  Vertebrates  (Fishes, 
many  Amphibia,  and  Reptiles)  are  they  developed  into  large  bows 
supporting  the  wall  of  the  trunk  in  a  uniform  manner  in  all  regions, 
whereas  in  Mammals  and  in  Man  they  exhibit  in  the  separate  regions 
of  the  vertebral  column  different  conditions.  In  the  neck,  lumbar 
and  sacral  regions,  they  appear  from  the  beginning  in  a  rudimentary 
condition  only,  and  undergo  metamorphoses  to  be  described  later.  It 
is  exclusively  in  the  thoracic  region  that  they  attain  important 
dimensions,  and  here  at  the  same  time  they  give  rise  to  a  new  skeletal 
part — the  breast  bone,  or  sternum. 

The  sternum,  which  is  wanting  in  Fishes  and  Dipnoi,  but  is  present 
in  Amphibia,  Reptiles,  Birds,  and  Mammals,  is  a  formation  derived 
from  the  thoracic  ribs,  and  is  originally  established,  as  RATHKE  was  the 
first  to  discover,  as  a  paired  structure,  which  early  fuses  into  an 
unpaired  skeletal  piece. 

RUGE  has  followed  the  development  of  the  sternum  in  Man  in  a 
very  thorough  manner,  and  has  found  that  in  embryos  3  cm.  long  the 
first  five  to  seven  thoracic  ribs  have  become  prolonged  into  the  ventral 
surface  of  the  breast  and  by  a  broadening  of  their  ends  have  united 
at  some  distance  from  the  median  plane  to  form  a  cartilaginous  band, 
whereas  the  following  ribs  end  free  and  at  a  greater  distance  from 
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the  median  plane.  The  two  sternal  bars  are  separated  from  each 
other  by  membranous  tissue  ;  later  they  approach  each  other  in  the 
median  plane,  and  commencing  in  front,  begin  to  fuse  together  into 
an  unpaired  piece,  from  which  the  individual  ribs  which  gave  rise  to 
them  are  afterwards  separated  by  the  formation  of  joints. 

The  paired  origin  of  the  sternum  serves  to  explain  some  of  its 
abnormalities.  For  example,  in  the  adult  there  is  sometimes  seen 
a  fissure,  which,  although  closed  by  connective  tissue,  passes  quite 
through  the  sternum  (fissura  sterni),  or  a  few  larger  or  smaller  gaps 
are  found  in  the  body  and  xyphoid  process  of  the  sternum.  All 
these  abnormal  cases  are  explained  by  the  complete  or  partial  failure 
of  the  two  sternal  bars  to  fuse  in  the 
usual  way  during  embryonic  life. 

The  ossification  of  ribs  and  sternum 
is  in  part  accomplished  by  the  develop- 
ment of  special  centres  of  ossification, 
that  of  the  ribs  beginning  as  early  as 
the  second  month,  the  sternum  some- 
what late,  in  the  sixth  foetal  month. 

Each  rib  contains  at  first  one  centre  of 
ossification,  through  the  enlargement  of 
which  the  bony  part  is  formed,  while  next 
to  the  sternum  a  portion  remains  cartila- 
ginous throughout  life.  In  the  eighth  to 
the  fourteenth  year  there  appear  in  the 
capitulum  and  tuberculum  of  the  rib,  ac- 
cording to  SCHWEGEL  and  KOLLIKER,  ac- 
cessory  centres,  which  fuse  with  the  main 
piece  between  the  fourteenth  and  the  twenty- 
fifth  year. 

The  sternum  (fig.  327)  ossifies  from  nu- 
merous centres,  of  which  one  arises  in  the  manubrium,  and  from  six  to  twelve 
in  its  body.  Between  the  sixth  and  twelfth  years  the  latter  begin  to  fuse 
together  into  the  three  or  four  large  pieces  of  which  the  body  of  the  sternum 
is  composed.  The  xyphoid  process  remains  partly  cartilaginous,  but  acquires 
a  centre  of  ossification  during  childhood. 

Kegarding  the  episternal  pieces  which  appear  on  the  manubrium,  the  text- 
books of  comparative  anatomy  and  the  article  by  HUGE  should  be  consulted. 

Through  inequalities  in  the  development  of  the  separate  vertebral 
and  costal  fundaments  and  through  the  fusions  which  take  place  here 
and  there  are  produced  the  different  regions  of  the  skeleton  of  tho 
trunk :  the  cervical,  dorsal,  and  lumbar  regions  of  the  vertebral 
column,  the  sacrum  and  coccyx.  A  correct  understanding  of  theso 
skeletal  parts  is  to  be  acquired  only  through  embryology. 


Fig.  327.  —  Cartilaginous  sternum, 
with  portions  of  the  ribs  attached 
and  with  several  centres  of  ossi- 
fication (&i),  from  a  child  two 
years  old. 

k,  Cartilage;  kk,  centres  of  ossifica- 
tion ;  sch,  xyphoid  process. 
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The  rudimentary  fundaments  of  the  cervical  ribs  at  their  first 
appearance  fuse  with  the  cervical  vertebrce,  at  one  end  with  the  body  of 
the  vertebra,  at  the  other  with  an  outgrowth  of  the  neural  arch, 
and  with  the  latter  enclose  an  opening  through  which  the  vertebral 
artery  runs — the  foramen  transversarium.  The  so-called  transverse 
process  of  the  cervical  vertebra  is  therefore  a  compound  structure, 
and  were  better  designated  lateral  process,  for  the  bony  rod  that  lies 
dorsad  of  the  foramen  transversum  is  formed  by  an  outgrowth  from 
the  vertebra  and  alone  corresponds  to  the  transverse  process  of  a 
dorsal  vertebra ;  the  ventral  rod,  on  the  contrary,  is  a  rudimentary 
rib,  which  possesses  in  fact  a  separate  centre  of  ossification. 

The  fundament  of  the  rib  of  the  seventh  cervical  vertebra  occa- 
sionally attains  greater  size,  does  not  fuse  with  the  vertebra — which 
consequently  does  not  possess  any  foramen  transversarium — and  is 
described  under  the  abnormalities  of  the  skeleton  as  free  cervical  rib. 
Its  presence  is  explained  therefore  as  being  the  result  of  a  more  volu- 
minous development  of  a  part  which  in  all  cases  exists  as  a  fundament. 

The  transverse  process  of  the  lumbar  vertebrce  is  also  better  designated 
as  lateral  process,  because  it  encloses  the  rudiment  of  a  rib.  This  ex- 
plains the  phenomenon  of  a  thirteenth  or  small  lumbar  rib  occasion- 
ally observed  in  Man. 

The  sacral  region  is  the  one  that  is  most  modified.  A  large  number 
of  vertebrae  in  this  region  by  becoming  firmly  united  with  the  pelvic 
girdle  have  lost  the  power  of  moving  on  one  another,  and  are  fused 
together  into  a  large  bone :  the  sacrum.  This  consists  in  human 
embryos  of  five  separate  cartilaginous  vertebrae,  the  first  three  of 
which  especially  are  characterised  by  very  broad,  well-developed 
lateral  processes. 

I  say  lateral  processes  because  comparative-anatomical  grounds 
and  embryological  evidence  both  indicate  that  there  are  included  in 
them  rudimentary  sacral  ribs,  such  as  in  lower  Vertebrates  make  their 
appearance  as  independent  structures.  On  the  embryological  side, 
the  method  of  their  ossification  favors  this  view,  for  each  sacral 
vertebra  undergoes  ossification  from  five  centres.  To  the  three 
typical  centres,  those  of  the  body  and  the  neural  arches,  are  added 
in  the  lateral  processes  large  bone-nuclei  (centres),  which  are  com- 
parable with  the  centres  of  ossification  of  a  rib.  They  produce  the 
well-known  lateral  masses  of  the  sacrum  (massae  laterales),  which 
bear  the  articular  surfaces  for  union  with  the  ilium. 

The  fusion  of  the  five  bony  pieces  of  a  sacral  vertebra,  at  first 
separated  by  strips  of  cartilage,  takes  place  later  than  in  other  parts 
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of  the  vertebral  column,  namely,  between  the  second  and  the  sixth 
year  after  birth.  For  a  long  time  the  five  sacral  vertebrae  remain 
separated  from  one  another  by  their  intervertebral  discs,  which 
begin  to  ossify  in  the  eighteenth  year ;  the  process  has  usually  come 
to  an  end  by  the  twenty -fifth  year. 

Behind  the  sacrum  there  follow  four  or  five  rudimentary  coccygeal 
vertebrae,  which  represent  the  caudal  skeleton  of  Mammals  and  do 
not  acquire  centres  of  ossification  until  very  late.  In  the  thirtieth 
year  or  later  they  may  fuse  with  one  another,  and  sometimes  with 
the  sacrum. 

Atlas  and  epistropkeus  (axis)  now  demand  special  mention.  These 
vertebrae  acquire  their  peculiarities  of  form  by  an  early  fusion  of  the 
cartilaginous  body  of  the  atlas  (fig.  328a)  with  the  epistropheus  (e) 
to  form  the  odontoid  process  of  the  latter.  The  one  therefore 
contains  less,  the  other  more  than  a  normally  developed  vertebra. 

That  the  odontoid  process  is  the  real  body  of 
the  atlas  is  recognisable  even  later  by  means  of 
two  facts.  First,  like  every  other  vertebral  a 

body,  it   is   traversed,  as   long    as   it   remains  4 

cartilaginous,  by  the  chorda,  which  at  the  tip  Fig  328._M^diansection 
of  the  process  is  continued  into  the  ligamentum  through  the  body  and 

suspensorium  and  from  this  into  the  base  of  the  ^^^  °f 

cranium.  Secondly,  it  acquires  in  the  fifth  in  the  cartilage  two  cen- 
month  of  development  a  separate  centre  of  S^aiJtolS^! 

ossification    (fig.    328    a),   which    is   not    com- 
pletely fused  with  the  body  of  the  epistropheus  until  the  seventh 
year. 

The  neural  arches  of  the  atlas,  which  have  remained  independent, 
are  joined  together  on  the  ventral  side  of  the  odontoid  process  by  a 
tract  of  tissue  in  which  an  independent  piece  of  cartilage  is  formed 
(hypochordal  cartilage  -rod  of  FRORIEP) — a  structure  which,  according 
to  FRORIEP,  is  present  in  every  vertebra  in  the  case  of  Birds.  This 
piece  of  cartilage  develops  in  the  first  year  after  birth  a  special  centre 
of  ossification,  fuses  between  the  fifth  and  the  sixth  year  with  the 
lateral  halves,  and  constitutes  the  anterior  [ventral]  arch  (KOLLIKER). 

(6)  Development  of  the  Head-Skeleton. 

From  its  position  the  skeleton  of  the  head  appears  as  the  most 
anterior  part  of  the  axial  skeleton,  but  it  is  on  the  whole  very  unlike 
the  posterior  part, — the  vertebral  column, — because  it  is  adapted  to 
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peculiar  purposes.  For  in  the  morphological  plan  of  Vertebrates  tho 
head  takes,  in  comparison  with  the  trunk,  a  preeminent  position ;  it 
is  furnished  with  especially  numerous  and  highly  developed  organs 
concentrated  into  a  short  space. 

The  neural  tube  has  here  become  differentiated  into  the  volu- 
minous brain,  with  its  dissimilar  regions.  In  its  immediate  vicinity 
have  arisen  complicated  sensory  organs  such  as  nose,  eye,  and  ear. 
Likewise  the  part  of  the  digestive  tube  enclosed  within  ths  head  bears 
in  many  ways  its  peculiar  stamp,  since  it  contains  the  mouth  opening 
and  is  provided  with  organs  for  the  reception  and  trituration  of  the 
food,  and  is  pierced  by  visceral  clefts.  All  of  these  parts  exercise  a 
determining  influence  on  the  form  of  the  skeleton,  which  adapts  itself 
most  accurately  to  the  brain,  to  the  sensory  organs,  and  to  the 
functions  of  the  head-gut,  and  thereby  becomes  a  very  complicated 
apparatus,  especially  in  the  higher  Vertebrates. 

Embryology  sheds  a  flood  of  light  on  the  method  of  the  origin 
of  the  cephalic  skeleton  of  Vertebrates;  it  shows  the  relations  to 
one  another  of  widely  different  lower  and  higher  forms,  and  also 
answers  the  question,  What  relation  do  the  vertebral  column  and 
head-skeleton  sustain  to  each  other  in  the  plan  of  organisation 
of  Vertebrates?  Consequently  the  development  of  the  cephalic 
skeleton  proves  to  be  an  especially  interesting  subject,  which  has 
always  attracted  morphologists,  and  which  has  incited  to  careful 
investigation. 

During  the  account  some  comparative-anatomical  digressions  will 
be  made,  which  will  contribute  to  the  better  comprehension  of 
certain  facts,  especially  those  treated  of  in  the  final  section,  in 
which  the  vertebral  theory  of  the  skull  will  be  briefly  discussed. 

As  in  the  case  of  the  vertebral  column,  there  are  to  be  distin- 
guished three  stages  of  development  according  to  the  histological 
character  of  the  sustentative  substance :  a  membranous,  a  carti- 
laginous, and  a  bony. 

The  chorda  serves  as  the  foundation  for  the  membranous  skeleton 
of  the  head,  and  extends  forward  to  the  between-brain.  At  its 
anterior  end  there  is  formed  in  Amniota  the  cephalic  flexure,  by  which 
the  axis  of  the  first  two  brain-vesicles  makes  an  acute  angle  with 
the  three  following  ones  (fig.  153).  Here  also  the  mesenchyme 
early  grows  around  the  chorda  and  envelops  it  in  a  skeletogenous 
layer,  which  spreads  out  from  this  region  laterad  and  dorsad, 
enveloping  the  five  brain-vesicles,  and  is  subsequently  differentiated 
into  the  membranes  of  the  brain  and  a  layer  of  tissue,  which 
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becomes  the  foundation  of  the  cranial  capsule,  and  has  received  the 
name  of  membranous  primordial  cranium. 

Thus  far  there  is  an  agreement  in  the  development  of  the 
vertebral  column  and  of  the  cranium,  With  the  beginning  of 
the  process  of  choiidrification  the  conditions  become  more  peculiar. 
Whereas  in  the  region  of  the  spinal  cord  the  skeletogenous  layer 
undergoes  a  regular  differentiation  into  cartilaginous  and  connective- 
tissue  parts — into  vertebrae  and  vertebral  ligaments — and  is  thereby 
divided  into  successive  movable  segments,  such  a  segmentation  does 
not  take  place  in  the  head. 

The  layer  of  tissue  called  membranous  primordial  cranium  undergoes 
continuous  chondrification  into  a  non-articulate  capsule  enveloping  the 
brain-vesicles.  If  we  go  through  the  whole  series  of  Vertebrates 
down  to  the  lowest,  in  no  one  of  them  is  there  exhibited  a  separation 
into  movable  segments  corresponding  to  vertebrae.  Therefore  the 
anterior  part  and  the  remaining  part  of  the  axial  skeleton  pursue  from 
an  early  period  different  directions  in  their  development. 

The  contrast  is  intelligible  in  view  of  the  different  duties  to  be 
fulfilled  in  the  two  regions,  and  especially  in  consideration  of  the 
different  influences  which  the  action  of  the  muscles  exercises  upon 
the  form  of  the  skeleton. 

In  water-inhabiting  animals  the  trunk-musculature  is  the  most 
important  organ  of  locomotion,  for  it  bends  the  trunk  now  in  this 
direction,  now  in  that,  and  thereby  propels  it  forwards  through  the 
water.  If,  however,  the  head  region  were  likewise  flexible  and 
movable,  it  would  be  disadvantageous  for  forward  motion,  inasmuch 
as  a  rigid  part  operates  as  a  cut-water.  Moreover,  the  musculature 
developed  on  the  head  assumes  a  different  function,  inasmuch  as  in 
the  grasping  of  food  and  in  the  process  of  respiration — which  is 
accompanied  by  an  enlargement  and  reduction  of  the  respiratory 
tract  of  the  alimentary  tube — it  now  adducts  and  then  abducts  the 
ventrally  situated  parts  of  the  axial  skeleton.  Besides,  it  is  advan- 
tageous here  to  have  the  skeletal  axis  present  firm  points  of 
attachment  for  the  muscles.  Finally,  the  voluminous  development 
of  the  brain  and  the  higher  sensory  organs  is  likewise  a  participating 
influence  tending  to  make  the  part  of  the  head  that  serves  for  thoir 
reception  an  inflexible  region. 

In  view  of  these  various  factors  working  in  the  same  direction,  it 
becomes  intelligible  that  in  the  head  a  segmentation  of  the  axial  skeleton 
is  wanting  from  the  beginning. 

In   other   respects   there   prevails    a  great   agreement  with   the 
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vertebral  column,  especially  in  the  manner  in  which  the  metamor 
phosis   into   cartilaginous   tissue    takes   place   in   the   membranous 
primordial  cranium.     In  both  the  chondrification  first  begins  at  the 
surface  of  the  chorda  dorsalis  (fig.  329  A). 

As  a  foundation  for  the  base  of  the  skull  there  arise  two  pairs  of 
elongated  cartilages :  behind,  on  either  side  of  the  chorda,  the  two 
parachordal  cartilages  (PE] ;  in  front,  the  two  trabeculce  cranii  (TV) 
of  RATHKE,  which  begin  at  the  tip  of  the  chorda  and  from  there 
run  forward  beneath  the  between-  and  the  fore-brain. 


Fig.  329  A  and  5.— First  fundament  of  the  cartilaginous  primordial  cranium,  from  WIKDERS- 

HEIM. 

A,  First  stage.     C,  Chorda;  PE,  parachordal  cartilage;   2Y,  RATHKE'S  trabeculae  cranii;  PR, 
passage  for  the  hypophysis  ;  N,  A,  0,  nasal  pit,  optic  vesicle,  otocyst. 

B,  Second  stage.     C,  Chorda ;  B,  basilar  plate  ;  T,  trabeculse  cranii,  which  have  become  united 

in  front  to  constitute  the  nasal  septum  (S)  and  the  ethmoid  plate  ;  Ct,  AF,  processes  of  the 
ethmoid  plate  enclosing  the  nasal  organ  ;  01,  foramina  olfactoria  for  the  passage  of  the 
olfactory  nerves;  PF,  post-orbital  process;  NK  nasal  pit  A,  0,  optic  and  labyrinthine 


The  four  pieces  soon  fuse  with  one  another  (fig.  329  B).  The  two 
parachordal  elements  grow  around  the  chorda,  first  below,  then  above, 
thus  enveloping  it  and  producing  the  basilar  plate  (£).  Its  anterior 
margin  rises  far  up  into  the  angle  of  the  flexure  between  mid-brain 
and  between-brain  and  corresponds  to  the  future  dorsum  sellse.  The 
trabeculce  cranii  (T)  spread  out  at  their  anterior  ends,  which  become 
fused  to  constitute  the  ethmoid  plate  (&),  the  foundation  of  the 
anterior  portion  of  the  cranium,  which  acquires  its  particular 
stamp  through  its  reception  of  the  organ  of  smell.  In  the  middle  of 
their  length  they  remain  separate  a  long  time,  and  enclose  an  opening, 
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-which  corresponds  to  the  sella  turcica,  and  has  been  caussd  by  the 
formation  of  the  hypophysial  pocket  from  the  oral  sinus  and  by  its 
growing  through  the  membranous  basis  of  the  cranium  toward  the 
infundibulum  of  the  brain.  Rather  late  there  is  also  formed,  as  the 
floor  of  the  sella  turcica,  beneath  the  hypophysis,  a  thin  cartilaginous 
plate,  which  is  pierced  only  by  the  holes  for  the  internal  carotids. 

After  the  base  of  the  cranium  has  been  developed,  the  process  of 
chondrification  involves  the  side  walls  and  at  last  the  rcof  of  the 
membranous  primordial  cranium,  precisely  as  the  halves  of  the 
neural  arch  grow  out  from  the  body  of  the  vertebra  and  finally 
terminate  in  the  dorsal  spine. 

In  this  manner  there  is  developed  around  the  brain  in  the  case  of 
the  lower  Vertebrates,  in  which  the  axial  skeleton  remains  in  the 
cartilaginous  condition  throughout  life  (fig.  330),  a  closed,  tolerably 
thick-walled  capsule,  the  cartilaginous  primordial  cranium. 

In  the  higher  Vertebrates,  in  which  to  a  greater  or  less  degree 
processes  of  ossification  occur  later,  the  primordial  cranium  attains  a 
loss  complet8  development,  as  is  shown  by  the  fact  that  its  walls 
remain  thinner,  and  indeed  acquire  at  some  places  openings,  which 
are  closed  by  connective -tissue  membranes.  In  Mammals  the  latter 
condition  occurs  very  extensively  in  the  roof  of  the  skull,  which 
becomes  cartilaginous  only  around  the  foramen  magnum,  whereas  in 
the  region  in  which  afterwards  the  frontal  and  parietal  bones  are 
located  the  cranium  remains  membranous.  The  cartilage  attains  a 
greater  thickness  only  at  the  base  of  the  cranium  and  in  the  regions 
of  the  olfactory  organ  and  the  membranous  labyrinth,  where  it  gives 
rise  to  the  nasal  and  ear  capsules. 

For  the  sake  of  better  orientation,  it  is  useful  to  distinguish  in  the 
primordial  cranium  different  regions.  There  are  two  different  prin- 
ciples of  division  that  may  be  employed  in  this  connection. 

Following  GEGENBAUR,  one  can  divide  the  primordial  cranium,  in 
accordance  with  its  relation  to  the  chorda  dorsalis,  into  a  posterior 
and  an  anterior  portion. 

The  posterior  region  reaches  up  to  the  dorsum  sillse  and  encloses  in 
its  basal  portion  the  chorda,  which  in  Man  enters  into  it  from  the 
-odontoid  process  through  the  ligameiitum  suspensorium  dentis.  The 
anterior  portion  is  developed  in  front  of  the  pointed  end  of  the 
•chorda  out  of  RATHKE'S  cranial  trabeculse.  GEGENBAUR  designates 
the  two  as  vertebral  and  evertebral  regions  (for  which  KOLLIKEJ: 
•emplovs  the  names  chordal  and  prechordal) ;  he  shows  that  the 
vertebra]  region  must  be,  on  account  of  its  relation  to  the  chorda,  the 
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older  part  and  alone  comparable  with  the  remainder  of  the  axial 
skeleton,  that  the  non-vertebral  part,  on  the  contrary,  is  a  later  acquisi- 
tion and  constitutes  a  new  structure,  which  has  been  caused  by  the 
forward  extension  of  the  fore-brain  vesicle  and  by  the  development 
of  the  organ  of  smell,  to  the  enclosing  of  which  (nasal  capsule)  it 
contributes. 

The  second  method  of  division  is  based  upon  the  different  appear- 
ance which  the  individual  regions  of  the  primordial  cranium  acquire 
through  their  relations  to  the  sense  organs.  The  anterior  end  of 
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Fig.  330.— Diagrammatic  representation  of  the  cartilaginous  cranial  capsule  and  the  cartilaginous 
visceral  skeleton  of  a  Selachian  and  of  the  larger  nerve  trunks  of  the  head. 

N,  Nasal  capsule  (ethmoid  region  of  the  prin  ordial  cranium) ;  Au,  cavity  for  the  eye  (orbital 
region)  ;  La,  region  of  the  labyrinth  ;  Oc,  occipital  region  of  the  cranium  ;  O,  palato-quad- 
ratum  ;  U,  lower  jaw  (mandibulare) ;  Ik,  labial  cartilage  ;  zb,  hyoid  arch  ;  Icb,  first  to  fifth 
branchial  arches  ;  Tr,  nervus  trigeminus ;  Fa,  facialis  ;  Gl,  glosso-pharyng-eus;  7a,  vagus ;. 
rl,  ramus  lateralis  of  the  vagus  ;  rb,  rami  branchiales  of  the  vagus. 

the  cartilaginous  capsule  (fig.  330)  receives  the  organ  of  smell ;  a 
following  portion  contains  depressions  for  the  eyeballs  ;  in  a  third 
are  imbedded  the  membranous  auditory  labyrinths  ;  finally,  a  fourth 
effects  a  union  with  the  vertebral  column.  Consequently  one  may 
distinguish  an  ethmoidal,  an  orbital,  a  labyrinthine,  and  an  occipital 
region. 

In  addition  to  the  cartilaginous  primordial  cranium,  there  are 
developed  in  the  head  numerous  cartilaginous  pieces  (which  serve  as 
supports  to  the  walls  of  the  head-gut)  in  a  manner  similar,  although 
not  directly  comparable,  to  that  in  which  the  ribs  (fig.  330)  have 
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arisen  in  the  walls  of  the  trunk  in  the  region  of  the  vertebral 
column.  Together  they  constitute  a  skeletal  apparatus  which  under- 
goes in  the  series  of  Vertebrates  very  profound  and  interesting 
metamorphoses.  Whereas  it  attains  in  the  lower  Vertebrates  a 
great  development,  it  becomes  in  part  rudimentary  in  Reptiles,  Birds, 
and  Mammals.  The  part,  however,  which  remains  furnishes  the- 
foundation  for  the  facial  skeleton.  I  begin  with  a  short  sketch  of 
the  original  conditions  in  the  lower  Vertebrates,  especially  in  the- 
Selachians. 

As  has  been  described  in  a  previous  chapter,  the  lateral  walls  of 
the  head-gut  are  traversed  by  the  visceral  clefts,  of  which  there  are 
ordinarily  as  many  as  six  in  Sharks  (fig.  331).  The  bands  of  sub- 
stance intervening  betw«  n 
the  clefts  art-  called  the 
membranous  throat-  or 
visceral  arches.  They  con- 
sist of  a  connective -tissue 
foundation  invested  with 
epithelium,  of  transversely 
striped  muscle-fibres,  and 
of  the  visceral-arch  blood- 
vessels (see  p.  571).  Inas- 
much as  they  have  different 
functions  to  fulfil,  and  con- 
sequently acquire  different 
forms,  they  are  distin- 
guished as  jaw-,  hyoid,  and 
branchial  arches.  The  most 
anterior  of  them  is  the  jaw-arch,  which  serves  to  bound  the  oral 
opening.  Following  this,  and  separated  from  it  by  only  a  rudi- 
mentary visceral  cleft,  the  spiracle,  is  the  hyoid  arch,  which  is 
connected  with  the  origin  of  the  tongue.  Ordinarily  this  is  followed 
)>y  live  branchial  arches. 

At  the  time  when  the  membranous  primordial  cranium  is  con- 
verted into  cartilage,  chondrification  also  takes  place  in  the  con- 
iii  ctive  tissue  of  the  membranous  visceral  arches,  thus  producing  the 
cartilaginous  visceral  arches  (fig.  331).  These  exhibit  a  regular 
segmentation  into  several  pieces,  placed  end  to  end  and  articulated 
with  one  another  by  connective  tissue. 

The  jaw-arch  is  divided  on  either  side  into  a  cartilaginous  palato- 
quadratum  (fig.  330  0)  and  a  lower  jaw  (niandibulare).  These? 
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Fig.   331.— Head  of  a  Shark  embryo  11  lines  long. 

From  PARKER  AND  BETTANY. 
Tr,  RATHKE'S  trabeculae  cranii ;  Pl.Pt,  pterygo-qual- 

raium;    Mn,   mandibular    cartilage;    Hy,    hyoi.l 

arch;    Sr.l,   first  branchial   arch;    Sp,  spiracle; 

Cll,  first  branchial  clef  c ;  Lch,  groove  under  the 

eye;    JVa,   fundament  of  the  nose;   E,   eyeball; 

Au,  auditory  vesicle  ;  C.I,  C.2,  C.3,  brain -vesicles  ; 

Hm,    cerebral    hemispheres;  f.n.p,    fronto-i-.;t>jil 

process. 
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carry,  in  the  mucous  membrane  investing  them,  the  teeth  of  the 
jaws.  The  two  mandibular  elements  are  united  to  each  other  in 
the  median  plane  by  means  of  a  mass  of  tense  connective  tissue. 
The  following  visceral  arches,  on  the  contrary,  are  alike  in  having 
their  lateral  halves,  which  are  divided  into  several  pieces,  joined 
ventrally  by  means  of  an  unpaired  connecting  piece,  the  copula,  in 
.a  manner  similar  to  that  in  which  the  ribs  are  united  by  the  sternum. 
The  pieces  of  the  hyoid  arch  are  designated,  in  sequence  from  the 
dorsal  to  the  ventral  side,  hyomandibular,  hyoid,  and  (the  copula) 
os  entoglossum. 

In  Mammals  and  Man  (figs.  154,  157)  structures  similar  to  those 
of  the  Selachians  are  formed  in  the  membranous  stage,  but  sub- 
sequently they  are  only  in  part  converted  into  cartilaginous  pieces, 
which  in  turn  never  acquire  a  great  size,  having  meantime  lost 
their  original  function.  They  help  to  form  the  facial  part  of  the 
head-skeleton,  and  have  already  been  treated  of  partially  in 
previous  chapters — in  the  discussion  of  the  head-gut  and  of  the 
organ  of  smell.  I  am  therefore  compelled  for  the  sake  of  continuity 
to  repeat  much  that  has  already  been  presented  concerning  the 
visceral  skeleton. 

In  very  young  human  and  mammalian  embryos  the  mouth-opening 
is  bounded  on  the  sides  and  below  by  the  paired  maxillary  and 
mandibular  processes  (tig.  156,  compare  p.  284).  The  former  are 
widely  separated  from  each  other,  because  the  unpaired  frontal 
process,  in  the  form  of  a  broad,  rounded  projection,  is  at  first 
inserted  from  above  between  them.  Afterwards  this  projection 
becomes  divided  by  the  development,  on  its  rounded  surface,  of  the 
two  nasal  pits  with  the  nasal  grooves  leading  down  to  the  upper 
margin  of  the  mouth  (compare  p.  513);  it  is  then  divided  into  the 
outer  and  inner  nasal  processes.  The  former  are  separated  from  the 
maxillary  process  by  a  groove,  which  runs  from  the  eye  to  the  nasal 
farrow,  and  is  the  first  fundament  of  the  lachrymal  duct. 

Behind  the  first  visceral  arch  comes  the  hyoid  arch  (figs.  157,  158 
^6),  the  two  being  separated  by  a  small  visceral  cleft,  which  becomes 
the  tympanic  cavity  and  Eustachian  tube.  This  is  followed  by  three 
additional  visceral  arches  with  three  visceral  furrows  (or  clefts), 
which  are  of  only  short  duration. 

During  a  later  stage  fusions  take  place  between  the  processes  that 
surround  the  oral  opening  (fig.  332). 

The  maxillary  processes,  by  growing  farther  inward,  meet  the 
inner  nasal  processes,  fusa  with  them,  and  produce  a  continuous 


Fig.  332. — Roof  of  the  oral  cavity  of  a  human  embryo  with 
fundaments  of  the  palatal  processes,  after  His.  Magnified 
10  diameters. 


THE  ORGANS  OF  THE  INTERMEDIATE  LAYER  OR  MESENCHYME.  611 

upper  boundary  to  the  mouth.  In  this  way  each  olfactory  pit  with 
its  nasal  groove  is  converted  into  a  canal,  which  leads  into  the 
oral  cavity  through  an  inner  opening  close  behind  the  margin  of 
the  upper  jaw.  The 
membranous  margins 
of  the  upper  and 
lower  jaws  also  lose 
their  superficial  posi- 
tions, v  because  the 
skin  that  covers  them 
is  raised  up  into  ex- 
ternally projecting 
folds,  and  forms  the 
lips,  which  from  this 
time  forward  consti- 
tute the  boundary  of 
the  oral  opening. 

A  third  stage,  with 
the  development  of  the  palate,  practically  completes  the  formation  of 
the  face.  (Compare  pp.  515-17.)  From  the  membranous  upper  jaw 
there  arise  two  ridges  projecting  into  the  mouth-cavity  (fig.  290) ; 
these  become  enlarged  into  the  palatal  plates,  which  grow  horizontally. 

The  plates  meet  in  the  median  plane  and  fuse  with  each  other  and 
with  the  median  part  of  the  frontal  process,  which  has  meantime 
become  reduced  by  the  enlargement  of  the  olfactory  organ  to  the  thin 
nasal  septum.  Thus  there  is  cut  off  from  the  primary  oral  cavity 
an  upper  chamber,  which  contributes  to  the  enlargement  of  the  nasal 
cavity,  and  which  opens  into  the  pharynx  through  the  posterior 
nares;  at  the  same  time  [as  the  result  of  this  growth]  there  has 
arisen  a  new  roof  of  the  mouth-cavity, — the  palate, — which  is  after- 
wards differentiated  into  hard  and  soft  palate. 

A  further  differentiation  of  the  face,  which  is  now  in  the  mem- 
branous stage  of  development,  is  brought  about  by  the  process  of 
chondrification.  This  produces,  however,  in  Mammals,  as  compared 
with  Selachians,  only  small  and  unimportant  skeletal  structures. 
Some  of  these  structures  undergo  degeneration  (MECKEL'S  cartilage), 
some  are  utilised  as  auditory  ossicles  in  the  function  of  hearing,  and 
others  are  united  to  form  the  fundament  of  the  hyoid  bone.  They 
iirise  from  the  soft  tissue  of  the  first,  second,  and  third  visceral 
arches  ;  in  the  case  of  the  fourth  and  fifth  arches  there  is  not  even 
a  process  of  chondrification  in  Mammals,  so  that  with  the  closure  of 
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am' 


Fig.  333. 


am'     am  ha 


the  fissures  they  are  no  longer  recognisable  as  distinct  parts,  unless 
perhaps  the  thyroid  cartilage  is  to  be  referred  to  them  (DuBOis). 

I  will  describe  the  conditions  in  detail,  first  in  the  case  of  sheep 
embryos  of  different  stages  of  development,  and  then  in  the  case  of 
a  human  embryo. 

In  a  sheep  embryo  2  cm.  long  there  are  to  be  found,  according 

to  the  account  of 
SALENSKY  (fig.  333)r 
two  long  and  slender 
cylindrical  cartila- 
ginous rods,  one  in 
front,  the  other  be- 
hind the  first  visceral 
cleft ;  their  posterior 
(proximal)  ends  abut 
upon  the  labyrinth- 
region  of  the  primor- 
dial cranium,  and  are 
hero  united  to  each 
other  by  means  of 
embryonic  connective- 
tissue.  In  older  em- 
bryos (fig.  334)  the 
first  visceral  arch  be- 
comes at  its  upper 
[proximal]  end  more 
and  more  distinctly 
segmented,  by  means- 
of  constrictions,  into 
two  smaller  pieces 
and  a  larger  one. 
The  first  small  piece, 
the  one  lying  next 
to  the  wall  of  the 

labyrinth,  gradually  assumes  the  form  of  the  incus  (am)  with  its 
processes,  the  second  becomes  the  malleus  (ha) ;  the  two  are  joined 
by  means  of  a  mass  of  connective  tissue.  The  third  piece  (mk)  is  of 
considerable  length,  and  has  the  form  of  a  cylindrical  rod;  it  is 
enclosed  in  the  membranous  lower  jaw,  and  is  designated  in  honor 
of  its  discoverer  as  MECKEL'S  cartilage.  It  remains  for  a  long  time 
in  union  with  the  fundament  of  the  malleus  by  means  of  a  narrow 


Pigs.  333,  331— The  dissected-out  cartilages  of  MECKEL  and 
REICHERT  with  the  fundament  of  the  auditory  ossicles, 
from  a  sheep  embryo  2-7  cm.  long.  After  SALEUSKY. 

Fig.  333. — ink,  MECKEL'S  cartilage  ;  ha,  hammer  (malleus) ; 
am,  anvil  (incus)  (long  process) ;  am',  its  short  process ; 
zb,  cartilaginous  hyoid  arch. 

Fig.  334. — am,  Anvil ;  am',  its  short  process ;  ha,  hammer ; 
hah,  hammer-handle  ;  st,  stirrup  (stapes) ;  mk,  MECKEL'S 
cartilage  ;  zb,  cartilaginous  hyoid  arch. 
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cartilaginous  bridge,  upon  which  the  long  process  (pr.  gracilis)  of 
the  malleus  is  afterwards  developed  by  periosteal  ossification.  The 
second  visceral  arch  (zb)  becomes  incorporated  in  the  hyoid  bone. 

In  a  human  embryo  of  the  fifth  month  one  observes  structures 
similar  to  those  just  described,  only  somewhat  further  developed 
Figure  335  exhibits  the  incus  (am),  easily  recognised  by  its  form, 
lying  on  the  wall  of  the  labyrinth ;  with  it  is  articulated  the  malleus 
(ha),  the  long  process  of  which  is  continuous  with  MECKEL'S  cartilage 
(MK).  This  extends  ventrally  as  far  as  the  median  line,  where  it 
is  united  with  the  cartilage  of  the  opposite  side  by  means  of  con- 
nective tissue — a  kind  of  symphysis. 

The  second  visceral  cartilage,  called  also  REICHERT'S  cartilage,  has 
become  divided  into  three  portions.  The  uppermost  portion  is  fused 
with  the  labyrinth-region — the  petrous  portion  of  the  temporal  bone 
— and  constitutes  the  fundament  of  the  processus  styloideus  (grf)  • 
the  middle  portion  has  become  fibrous  tissue  in  Man,  and  forms 
a  strong  ligament,  the  lig.  stylohyoideum  (Isth),  whereas  in  many 
Mammals  it  becomes  a  large  cartilage  ;  the  third  and  lowest  portion 
produces  the  lesser  cornu  (kh)  of  the  hyoid  bone.  This  sometimes 
becomes  developed  to  a  great  length  by  the  chondrification  of  the 
lower  part  of  the  ligamenturn  stylohyoideum,  and  reaches  up  very 
close  to  the  lower  end  of  the  stylohyoid  process. 

In  the  third  visceral  arch  chondrification  takes  place  only  in  the 
ventral  tracts,  producing  upon  the  sides  of  the  neck  the  greater  cornua 
of  the  hyoid  bone  (gh).  Greater  and  lesser  cornua  are  attached  to 
an  unpaired  median  piece  of  cartilage,  which  corresponds  to  a  copula 
of  the  visceral  skeleton  of  Selachians  and  becomes  the  body  of  the 
hyoid  bone. 

The  third  auditory  ossicle,  the  stapes  (fig.  335  st),  also  belongs  to 
the  visceral  apparatus ;  it  has  been  left  unmentioned  until  now, 
because  there  is,  even  at  present,  a  wide  difference  of  opinion  con- 
cerning its  development.  According  to  the  original  view  of  REICHERT, 
which  GEGENBAUR  is  also  inclined  to  adopt,  the  stapes  arises  from 
the  uppermost  end  of  the  hyoid  arch.  KOLLIKER  refers  it  to  the 
first  visceral  arch.  According  to  GRUBER  and  PARKER,  on  the 
contrary,  it  arises  in  connection  with  the  fenestra  ovalis,  as  though 
it  were  cut  directly  out  of  the  outer  wall  of  the  labyrinth. 

According  to  the  recent  investigations  of  SALENSKY,  GRADENIGO, 
and  RABL,  it  appears  to  me,  that  the.  stapes  has  a  double  origin, 
arising  from  two  different  parts. 

The  plate  of  the  stapes,  which  is  let  into  the  fenestra  ovalis,  is 


614 


EMBRYOLOGY. 


differentiated  in  the  manner  first  emphasised  by  GRUBER  and  PARKER, 
and  now  again  by  GRADENIGO,  out  of  the  cartilaginous  capsule  of  the 
labyrinth.  Its  development  therefore  agrees  with  that  of  the  oper- 
culum  of  the  Amphibia,  as  described  by  STOHR.  The  ring-like  part 
of  the  stapes,  on  the  contrary,  comes  from  the  upper  end  of  the 
second  visceral  [hyoid]  arch,  which  lies  in  contact  with  the  capsule 
of  the  labyrinth  (GRADENIGO,  EABL).  Its  ring-like  condition  results 


ha 


MK 


grj  isth.  gh 

Fig.  335. — Head  and  neck  of  a  human  embryo  18  weeks  old  with  the  visceral  skeleton  exposed, 

after  KOLI/.KER.    Magnified. 
The  lower  jaw  is  somewhat  depressed  in  order  to  show  MECKEL'S  cartilage,  which  extends  to  the 

malleus.     The  tympanic  membrane  is  removed  and  the  annulus  tympanicus  is  visible. 
ha,  Malleus,  which  passes  uninterruptedly  into  MECKEL'S  cartilage,  MK ;  v.k,  bony  lower  jaw 

(dentale),   with  its  condyloid  process  articulating  with  the  temporal  bone  ;  am,  incus  ; 

st,  stapes ;  pr,  annulus  tympanicus ;  grf,  processus  styloideus ;  Isth,  ligamentum  stylo- 

hyoideum  ;  kh,  lesser  cornu  of  the  hyoid  bone  ;  gh,  its  greater  cornu. 


from  the  fact  that  the  tissue  from  which  it  is  formed  is  traversed 
by  a  small  branch  of  the  carotis  interna,  the  arteria  mandibularis  01 
perforans  stapedia.  In  Man  and  certain  of  the  Mammals  this 
subsequently  degenerates  entirely,  whereas  in  others  (Rodents,  In- 
sectivores,  etc.)  it  remains  as  a  vessel  of  considerable  size. 

Both  fundaments  of  the  stapes  fuse  with  each  other  very  early 
and  form  a  small  cartilage,  which  on  the  one  hand  articulates  with 
the  incus  by  means  of  a  lenticular  connecting  element  (os  lentiforme), 
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and  on  the  other  reposes  with  its  plate -like  base  in  the  fenestra 
ovalis. 

The  view  here  adopted — that  the  stapes  belongs  to  the  second,  the 
malleus  and  incus  to  the  first  visceral  arch — is  supported  by  the 
important  relation  of  the  nerves  in  their  distribution  to  the  musculus 
stapedius  and  to  the  tensor  tympani,  as  has  recently  been  rightly 
pointed  out  by  RABL.  The  muscle  of  the  stapes  is  supplied  from  the 
nerve  of  the  second  visceral  arch,  the  nervus  facialis ;  it  forms  part 
of  a  group  embracing  the  m.  stylohyoideus,  and  the  posterior  belly 
of  the  digastric;  the  muscle  of  the  malleus  receives  a  branch  of  the 
trigeminus,  which  is  the  nerve  of  the  mandibular  arch. 

The  separation  of  the  territories  of  innervation  prevails,  moreover,  with  the 
muscles  of  the  palate,  one  of  which — the  tensor  veli  palatini — arises  in  front 
of  the  Eustachian  tube — the  remnant  of  the  first  visceral  cleft — and  is 
therefore  supplied  by  the  n.  trigeminus,  whereas  the  levator  veli  palatini  and 
azygos  uvulae  lie  behind  it,  and,  because  belonging  to  the  hyoid  arch,  receive 
branches  from  the  n.  facialis  (EABL). 

At  first  all  the  auditory  ossicle  3  lie  imbedded  in  a  soft  gelatinous 
tissue  outside  the  tympanic  cavity,  which  still  has  the  form  of  a 
narrow  fissure.  These  conditions  are  not  altered  until  after  birth. 
The  tympanic  cavity,  taking  in  air,  then  becomes  enlarged,  its 
mucous  membrane  is  evaginated  between  the  auditory  ossicles, 
and  the  gelatinous  tissue  just  mentioned  undergoes  a  process  of 
shrinkage.  Auditory  ossicles  and  chorda  tynipani  thus  come  to 
lie  apparently  free  in  the  tympanic  cavity ;  accurately  considered r 
however,  they  are  only  crowded  out  into  it,  for  even  in  the  adult 
they  are  enclosed  in  folds  of  the  mucous  membrane,  and  by  means 
of  these  they  preserve  their  original  and  genetically  established 
connection  with  the  wall  of  the  tympanic  cavity. 

Up  to  the  present  stage  the  construction  of  the  head- skeleton  is,. 
on  the  whole,  simple.  In  the  third  stage  of  development,  on  the 
contrary,  upon  the  beginning  of  the  process  of  ossification,  it  attains 
in  a  short  time  a  high  degree  of  complication,  which  is  effected 
especially  by  the  development  of  two  entirely  different  kinds  of 
bone,  one  of  which  has  been  called  primordial  bone,  the  other 
covering  bone  (Deck-  oder  Belegknochen). 

Primordial  bones  are  such  as  are  developed  out  of  the  cartilaginous 
skeleton.  Either  there  arise  centres  of  ossification  within  the  carti- 
lage after  softening  and  dissolution  of  its  matrix,  as  was  described 
in  the  ossification  of  the  vertebral  column,  the  ribs,  and  the  sternum, 
or  the  perichondrium  alters  its  formative  activity,  and  secretes,  in 
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place  of  layers  of  cartilage,  bony  tissue  upon  the  already  formed 
cartilage.  In  the  first  instance  one  can  speak  of  an  endochondral, 
in  the  second  instance  of  a  perichoiidral  ossification.  The  cartilaginous 
primordial  skeleton  can  be  crowded  out  and  replaced  by  a  bony  one 
in  both  ways,  remnants  of  cartilage  of  greater  or  less  magnitude 
being  preserved  in  the  several  classes  of  Vertebrates, 

The  covering  bones,  on  the  contrary,  arise  outside  the  primordial 
cranium  in  the  connective  tissue  enveloping  it,  either  in  the  skin  which 
covers  its  surface  or  in  the  mucous  membrane  that  lines  the  head-gut. 
They  are  therefore  ossifications  which  do  not  occur  on  any  other  part 
of  the  axial  skeleton  and  which  are  also  at  first  foreign  to  the  skeleton 
of  the  head.  Consequently  in  early  stages  of  development,  and  in 
many  classes  of  Vertebrates  even  in  the  adult  animal,  they  can  be 
dissected  off  without  in  any  way  injuring  the  primordial  cranium. 
It  is  otherwise  with  the  primary  bones,  the  removal  of  which  always 
causes  a  partial  destruction  of  the  cartilaginous  skeleton. 

If,  as  just  now^  stated,  the  covering  bones  are  at  first  foreign  to  the 
skeleton  of  the  head,  there  arises  the  question  of  their  source.  To 
answer  this  I  must  go  back  a  little. 

In  lower  Vertebrates  there  is  developed,  besides  the  internal  carti- 
laginous axial  skeleton,  an  external  or  dermal  skeleton,  which  serves 
for  the  protection  of  the  surface  of  the  body,  and  is  also  continued 
at  the  mouth  for  fcome  distance  into  the  cavity  of  the  head-gut, 
where  it  may  be  designated  as  mucous-membrane  skeleton.  In  the 
simplest  condition  it  consists,  like  the  scaly  armor  of  the  Selachians, 
of  small  close-set  denticles,  the  placoid  scales,  which  have  arisen  from 
ossifications  of  dermal  and  mucous-membrane  papilla?.  In  other 
groups  of  the  Fishes  the  dermal  armor  is  composed  of  larger  or 
smaller  bony  plates,  which  bear  upon  their  surfaces  numerous 
denticles  or  simple  spines.  They  are  described  according  to  their 
form  and  size  as  scales,  scutes,  plates,  or  dermal  bones ;  they  are 
explainable  in  a  very  simple  manner  as  derivatives  from  the  Sela- 
chian armor  of  placoid  scales,  by  the  fusion  at  their  bases  of  larger  or 
smaller  groups  of  denticles,  wrhich  thus  produce  larger  or  smaller 
skeletal  pieces.  The  larger  bony  pieces  arise  principally  in  the 
region  of  the  head,  and  especially  at  the  places  where  cartilaginous 
parts  of  the  cranial  capsule  or  of  the  visceral  arches  approach  close 
to  the  surface.  Thus  in  many  Ganoids  and  Teleosts  the  brain  is 
found  to  be  enveloped  by  a  double  capsule — an  inner  capsule,  either 
purely  cartilag'nous  or  provided  with  centres  of  ossification,  and  a 
bony  armor  lying  directly  upon  it. 
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In  the  higher  Vertebrates  the  most  of  the  dermal  skeleton  has  com- 
pletely degenerated,  but  on  the  head  it  is  in  large  part  preserved, 
and  furnishes  the  previously  mentioned  covering  bones,  which  serve 
to  supplement  and  complete  the  internal  skeleton. 

An  interesting  insight  into  the  original  method  of  the  development 
of  covering  bones  can  still  be  acquired  in  many  of  the  Amphibians 
(fig.  336).  For  example,  the  vomer  and  the  palatinum,  which  are 
covering  bones,  arise  in  very  young  Triton 
larvae  by  the  formation  of  small  denticles 
(z1)  in  the  mucous  membrane  of  the  oral 
cavity,  and  by  the  fusion  of  their  bases  to 
form  small  tooth-bearing  plates  of  bone 
(z,  z).  These  plates  increase  in  size  for 
a  time,  owing  to  the  establishment  in  the  Fig-  336.—  Vomer  of  an  Axoioti 
neighboring  mucous  membrane  of  addi-  By  ^^0^0!°^^  (z,  ,)  a 


tional  dental  spines,  which  become  attached  tooth-bearing  plate  of  bone 

.,     .  .  /,.  in  p,  Das   arisen    in    the    mucous 

to  their  margins;  afterwards  they  often  membrane.     ?,   Apices  of 

lose  the  equipment  of  denticles,  which  are  teeth  in  process  of  deveiop- 

.  ment,  which  are  subsequently 

destroyed  by  being  resorbed.  attached  to  the  margin  of  the 

It  may  be  said  that  the  original  process  bony  Plate  and  contribute  to 

J  its  growth. 

in  the  development  of  covering  bones  here 

described  is  abbreviated  in  most  of  the  Amphibia.  For  at  the  places 
in  the  mucous  membrane  which  the  vomer  and  the  palatinum  occupy, 
the  tips  of  denticles  are  not  even  begun  ;  but  in  the  layer  of  tissue 
in  which  otherwise  the  bases  of  the  denticles  would  have  been  fused, 
a  process  of  direct  ossification  takes  place.  In  the  same  abbreviated 
way  the  covering  bones  arise  in  all  Reptiles,  Birds,  and  Mammals. 

The  skulls  of  many  Amphibia  (Frog,  Axoioti  )  likewise  afford  the 
best  explanation  of  the  original  relation  of  the  covering  bones  to  the 
primordial  skeleton  (fig.  337).  The  covering  bones  are  found  to  be 
loosely  superposed  upon  the  primordial  cranium,  from  which  they  can 
be  easily  removed.  Thus  upon  the  left  side  of  the  accompanying 
figure  the  prernaxillaria  (Pmx),  maxillaria  (M),  vomer  (Vo),  palati- 
num (Pal),  pterygoid  (Pt),  and  parasphenoid  (Ps)  have  besn  detached, 
whereas  upon  the  right  side  they  have  been  retained.  After  their 
detachment  there  is  left  the  inner  head-skeleton  proper  —  a  capsule 
still  consisting  in  great  part  of  the  original  cartilaginous  tissue 
i  y,  Nl,  PP,  Qu),  into  which,  however,  there  are  introduced  at  some 
places  bony  pieces  :  the  occipitalia  (Olat),  petrosa  (Pro),  sphenoidea 
[sphenethmoid]  (E),  etc. 

In  the  higher  Vertebrates,  especially  in  Mammals,  the  primordial 
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cranium,  the  primary  ossifications,  and  the  covering  bones,  which  in> 
Fishes  and  Amphibia  are  easily  distinguishable  from  one  another 
even  in  the  adult  animals,  are  to  be  recognised  as  separate  parts  only 
in  very  early  stages  of  development ;  later  it  becomes  more  difficult 

to  distinguish  them,  at 
last  impossible.  This  is 
due  to  several  things : — 
First,  the  cartila- 
ginous primordial  cra- 
nium is  laid  down  from 
the  beginning  in  a  rudi- 
mentary condition; 
then,  too,  a  large  part 
rf  the  roof  is  wanting, 
the  opening  being  closed 
by  a  connective-tissue 
membrane. 

Secondly,  the  cartila- 
ginous primordial  cra- 
nium subsequently  dis- 
appears almost  entirely, 
partly  by  being  dissolved, 
partly  byconversion  into- 
primordial  bones.  There 
persist  small  remnants, 
which  have  been  retained 
only  in  the  cartilaginous 
septum  narium  and  the 
cartilages  of  the  outer 
nose  connected  with  it. 
Thirdly,  in  the  fully  developed  skull  the  primordial  bones  and  the 
covering  bones  are  no  longer  distinguishable  ;  for  the  latter  lose  their 
superficial  position,  become  intimately  united  to  the  bones  derived 
from  the  primordial  cranium,  and  with  them,  filling  up  the  gaps, 
constitute  a  firm,  closed,  bony  receptacle  of  mixed  origin. 

Fourthly,  in  the  adult  animal,  bones  which  in  the  embryo  are 
formed  separately,  and  in  lower  Vertebrates  always  remain  thus,  are 
often  fused.  There  is  a  fusion  not  only  between  bones  of  like  origin, 
but  also  between  primordial  and  covering  bones,  whereby  it  finally 
becomes  altogether  impossible  to  distinguish  them.  Many  of  th& 
bones  of  the  human  cranium  are  consequently  bone-complexes. 
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Fig.  337.— Skull  of  a  Frog  (Rana  esculenta).  View  frcm 
beneath.  After  ECKER. 

The  lower  jaw  is  removed.  On  the  left  side  of  the  figure 
the  covering  bones  have  been  removed  from  the  cartila- 
ginous part  of  the  skull. 

Cocc,  Condyli  occipitales ;  Olat,  occipitale  laterale  ;  GK, 
auditory  capsule ;  Qu,  quadratum ;  Qjg,  quadrato- 
jugale ;  Pro,  prooticum ;  Ps,  parasphenoid  ;  As,  ali- 
sphenoid;  Pt,  osseous pterygoid;  PP,  palato-quadratum ; 
FP,  fronto-parietale  ;  E,  ethmoid  (os  en  ceinture)  ; 
Pal,  palatinum  ;  Vo,  vomer ;  M,  maxilla ;  Pmx,  pre- 
maxillare ;  N,  N1,  cartilaginous  nasal  framework  ; 
//,  V,  VI,  places  of  emergence  of  n.  opticus,  n.  tri- 
geminus,  and  n.  abducens. 
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It  may  be  stated  as  a  general  rule  that  the  ossifications  on  the  base 
and  sides  of  the  cranium  are  primordial,  but  that  on  the  roof  and  in 
the  face  covering  bones  make  their  appearance. 

The  following  parts  of  the  human  skull  belong  to  the  primordial 
elements :  (1)  occipitale,  except  the  upper  part  of  the  squamous 
portion;  (2)  the  sphenoidale,  except  the  internal  pterygoid  plate; 

(3)  ethmoidale  and  turbinatum ;  (4)  petrosum  and  mastoid  portions 
of   the  temporale;    (5)   the   auditory  ossicles — malleus,  incus,   and 
stapes;    (6)  the  body  of  the  hyoides,  with  its   greater  and   lesser 
cornua. 

The  following  are  covering  bones :  (1)  the  upper  part  of  the 
squamous  portion  of  the  occipitale ;  (2)  the  parietale;  (3)  the  frontale; 

(4)  the  squamous  portion  of  the  temporale  ;  (5)  the  internal  pterygoid 
plate  of  the  sphenoidale ;  (6)  the  annulus  tympanicus;  (7)  palatinuni; 
(8)  vomer;  (9)  nasale;   (10)  lachrymale ;   (11)  zygomaticum;  (12) 
maxillae  sup. ;  (13)  maxill?e  inf. 

I  will  now,  after  this  survey,  give  a  somewhat  more  detailed  account 
of  the  development  of  the  bones  of  the  head  enumerated  above. 

I.  Bones  of  the  Cranial  Capsule. 

(1)  The  occipitale  is  at  first  a  cartilaginous  ring  surrounding  the 
foramen  magnum ;  it  begins  to  ossify  early  in  the  third  month  at 
four  points.  One  centre  of  ossification  is  formed  below  the  foramen, 
another  above,  and  two  more  at  its  bides.  In  this  way  there  arise 
four  bones,  which  are  joined  by  broader  or  narrower  bands  of  carti- 
lage, according  to  the  degree  of  their  development.  In  the  lower 
Vertebrates — Fishes,  Amphibia  (fig.  337  Olat) — they  remain  in  this 
condition  as  separate  bones,  and  are  designated  as  occipitale  basilare, 
oc.  superius,  and  oc.  laterale. 

To  these  are  added  in  Mammals  and  Man  a  covering  bone,  which 
arises  from  two  centres  of  ossification  in  the  connective  tissue  farther 
above  the  foramen — the  interparietale.  This  begins,  even  in  the  third 
foetal  month,  to  fuse  with  the  superior  occipital  bone  to  constitute 
the  squama ;  however,  up  to  the  time  of  birth  furrows  running  in 
from  right  and  from  left  mark  the  boundary  of  the  two  genetically 
different  parts.  In  the  new-born  child  squama,  occipitalia  lateralia 
and  oc.  basilare  are  still  separated  from  each  other  by  thin  remnants 
of  cartilage.  Then  in  the  first  year  the  squama  fuses  with  the 
lateral  parts  (partes  condyloidese),  and  finally  there  is  united  with 
these,  in  the  third  or  fourth  year,  the  pars  basilaris.  The  occipitale 
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is    therefore   a   complex   that   has   originated   from    five    separate 
bones. 

(2)  The  sphenoidale  also  arises  from  numerous  centres  of  ossifica 
tion,  which  appear  in  the  base  of  the  primordial  cranium,  and  which 
in  the  lower  classes  of  Vertebrates  represent  parts  of  the  cranial 
capsule  that  remain  separate.     In  the  anterior  prolongation  of  the 
pars  basilaris  of  the  occipitale  there  appear  in  the  vicinity  of  the 
sella  turcica  an  anterior  and  a  posterior  pair  of  centres,  which  con- 
stitute the  fundaments  of  the  bodies  of  the  anterior  and  posterior 
sphenoidea.     At  the  sides  of  these  there  are  developed  special  centres 
of  ossification  for  the  lesser  and  for  the  greater  wings. 

In  most  Mammals  the  lesser  wings  fuse  with  the  anterior,  the 
greater  with  the  posterior  body.  Thus  there  are  formed  two 
sphenoidea,  an  anterior  and  a  posterior,  which  are  placed  in  front  of 
the  occipitale,  arid  are  separated  from  each  other  by  a  thin  strip  of 
cartilage.  In  Man  these  two  bones  become  joined  together,  by  the 
ossification  of  the  cartilaginous  strip  mentioned,  to  constitute  the 
unpaired  single  sphenoidale,  with  its  many  processes.  The  fusions 
of  the  numerous  separate  ossifications  take  place  in  the  following 
order.  In  the  sixth  fatal  month  the  lesser  wings  of  the  sphenoid 
fuse  with  the  anterior  body ;  shortly  before  birth  the  latter  unites 
with  the  posterior  body,  and  in  the  first  year  after  birth  the  greater 
wings  are  united  with  the  rest.  From  the  latter  the  outer  ptsrygoid 
plates  grow  downward,  whereas  the  inner  pterygoid  plates  are  formed 
as  covering  bones.  For  in  the  connective  tissue  of  the  lateral  wall  of 
the  oral  cavity  there  is  developed  a  special  region  of  ossification; 
this  furnishes  a  thin  bony  lamella,  which  is  preserved  in  many 
Mammals  as  a  special  skeletal  element  (os  pterygoideum)  lying  on 
the  pterygoid  process  of  the  sphenoidale.  In  Man  it  early  fuses 
with  the  sphenoidale,  notwithstanding  it  has  an  entirely  different 
origin  from  the  latter. 

(3)  The  temporale  is  a  complex  of  various  bones,  the  greater  part  of 
which  are  still  separate  in  the  new-born  infant.     The  os  petrosum 
with  the  mastoid  process  is  developed  from   numerous   centres  of 
ossification  in  that  part  of  the  primordial  cranium  which  encloses  the 
organ  of  hearing,  and  has  therefore  been  designated  as  cartilaginous 
ear-capsule.     With  it  is  united  after  birth  the  styloid  process,  which 
in  the  embryo  is  a  cartilaginous  rod  that  is  derived  from  the  upper 
end  of  the  second  visceral   arch    and   that   ossifies   from  its  own 
independent  centre. 

To  the  primordial  bones  there  are  added  in  Man  two  covering 
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bones, — -squama  and  pars  tympanicus, — which  are  as  foreign  to  the 
primordial  cranium  as  the  parietal  or  frontal  bones.  Of  these  the 
pars  tympanicus  (fig.  335  pi')  is  at  first  a  narrow  bony  ring,  which 
serves  as  a  frame  for  the  tympanic  membrane.  It  is  developed  in 
connective  tissue  outside  of  the  auditory  ossicles,  and,  in  particular r 
outside  the  malleus  (ha)  and  the  connected  MECKEL'S  cartilage  (MK). 
Thus  is  explained  the  position  of  the  long  process  of  the  malleus  in 
the  fissura  petrotympanica,  when,  soon  after  birth,  the  primordial 
ind  covering  bones  fuse  with  each  other.  For  the  annulus  tym- 
panicus gradually  becomes  broadened  into  a  bony  plate,  which  serves 
as  a  support  for  the  external  meat  us.  This  plate  then  fuses  with 
the  petrosal  bone,  except  along  a  narrow  cleft,— the  fissura  petro- 
tympanica or  Glaseri, — which  remains  open,  because  here  the  chorda 
tympani  and  the  long  process  of  the  malleus  were  in  the  embryo 
shoved  in  between  the  bones,  while  they  were  still  separate. 

In  lowrer  Vertebrates,  and  also  in  many  Mammals,  the  pieces 
mentioned  remain  separate,  and  are  distinguished  in  comparative 
anatomy  as  os  petrosum,  os  tympanicnm,  and  os  squamosum. 

(4)  The  ethmoidale  and  the  turbinatum  of  the  nose  are  primordial 
bones,  which  are  developed  out  of  the  posterior  part  of  the  cartila- 
ginous nasal  capsule,  whereas  the  anterior  part  remains  cartilaginous 
and  becomes  the  cartilaginous  septum  nasoruin  and  the  external  nasal 
cartilages. 

"The  ossification  begins  in  the  lamina  papyracea  in  the  fifth 
month.  Then  follows  the  ossification  of  the  lower  and  middle 
turbinals.  At  birth  these  are  united  by  means  of  cartilaginous 
portions  of  the  ethmoidale.  After  birth  the  vertical  plate  with  the 
crista  galli  is  the  first  to  ossify;  then  follows  the  ossification  of  the 
upper  turbinal  and  of  the  gradually  developed  labyrinth,  from  which 
the  ossification  advances  to  the  corresponding  halves  of  the  cribri- 
form plate.  The  union  of  the  two  lateral  halves  with  the  lamina 
perpendicularis  does  not  take  place  until  between  the  fifth  and  the 
seventh  year."  (GEGENBAUR.) 

Of  the  covering  bones  of  the  primordial  cranium,  which  in  general 
begin  to  ossify  at  the  beginning  of  the  third  month,  the  following 
remain  separate :  the  parietale,  frontale,  nasale,  lachrymale,  and 
vomer.  Of  these  the  frontale  is  originally,  like  the  others,  a  paired 
structure,  and  still  continues  in  this  condition  into  the  second  year 
after  birth,  when  the  closure  of  the  frontal  suture  begins.  Nasale 
and  lachrymale  are  covering  bones  of  the  cartilaginous  nasal 
capsule.  The  vomor  arises  as  a  paired  structure  at  the  sides  of  the 
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cartilaginous  septum  of   the  nose  in  the  third  month.     The  two 
lamellae  afterwards  fuse,  the  cartilage  between  them  disappearing. 

II.    Bones  of  the   Visceral  Skeleton. 

The  remaining  bones  of  the  head,  which  have  not  been  mentioned 
hitherto,  belong  to  the  visceral  skeleton,  some  of  them  being 
primordial,  others  covering  bones. 

The  hyoid  bone  and  the  auditory  ossicles  (perhaps  also  the  thyroid 
cartilage)  are  primordial  parts;  they  are  characterised  by  very 
diminutive  size  and  occupy  a  very  subordinate  position  in  comparison 
with  the  enormously  developed  covering  bones.  The  hyoides  begins 
toward  the  end  of  embryonic  life  to  ossify  at  several  points.  The 
auditory  cartilages  acquire  from  the  periosteum  as  early  as  the  fourth 
month  a  bony  investment,  within  which  here  and  there  remnants  of 
cartilage  persist  even  in  the  adult.  According  to  recent  researches 
the  malleus  is  a  compound  skeletal  piece.  The  long  process  is  de- 
veloped as  a  covering  bone  on  that  part  of  MECKEL'S  cartilage  which 
penetrates  between  petrosal  and  annulus  tympanicus.  While  the 
cartilage  undergoes  degeneration,  the  covering  bone  fuses  with  the 
larger,  primordial  part  of  the  malleus.  It  probably  corresponds 
with  the  os  angulare  of  lower  Vertebrates. 

The  covering  bones  of  the  visceral  skeleton,  the  maxillare  superius, 
palatinum,  pterygoideum,  zygomaticum,  and  maxillare  inferius,  are 
developed  in  the  vicinity  of  the  mouth-opening  in  the  connective 
tissue  of  the  superior  and  inferior  maxillary  processes. 

The  maxillaria  superiores  are  a  complex  of  two  pairs  of  bones, 
which  indeed  remain  separate  in  most  Vertebrates.  One  pair  is 
developed  on  the  two  superior  maxillary  processes  laterad  of  the 
cartilaginous  nasal  capsule.  The  other  pair  appears  in  the  eighth  or 
ninth  week,  according  to  TH.  KOLLIKEIVS  detailed  investigations, 
upon  the  part  of  the  frontal  process  that  lies  between  the  nasal 
orifices.  It  corresponds  to  an  actual  paired  intermaxillary  (pre- 
jnaxillare),  and  subsequently  encloses  the  fundaments  of  the  four 
incisors. 

The  two  intermaxillaries  in  Man  early  fuse  with  the  fundaments 
of  the  two  superior  maxillaries,  the  two  membranous  superior 
maxillary  processes  having  previously  united  with  the  inner  nasal 
processes.  The  boundary  between  maxillary  and  intermaxillary  is 
indicated  on  the  crania  of  young  persons  by  a  suture-like  place 
(sutura  incisiva),  running  transversely  outward  from  the  foramen 
incisivum,  which  is  occasionally  retained  even  in  the  adult. 
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There  early  grow  out  from  the  two  superior  maxillaries  into  the 
palatal  processes  horizontal  lamellae  which  produce  the  two  palatal 
bones — the  hard  or  bony  palate. 

Palatals  and  pterygoids  are  developed  in  the  roof  and  side  walls  of 
the  oral  cavity ;  they  are  consequently  mucous-membrane  bones. 
The  pterygoids  apply  themselves,  as  was  stated  on  p.  620,  to  the 
cartilaginous  downgrowths  of  the  greater  wings  of  the  sphenoid. 
In  many  -Mammals  they  remain  separate  from  the  latter  throughout 
life,  but  in  Man  they  unite  with  it  and  are  now  distinguished  as 
inner  pterygoid  plates  from  the  outer  plates,  which  arise  by  ossifica- 
tion of  cartilage. 


The  development  of  the  visceral  skeleton,  which  has  been  discussed 
here  and  in  previous  sections  (pp.  284,  515),  furnishes  the  basis  for 
the  interpretation  of  the  malformations  which  are  quite  frequently 
met  with  in  the  maxillary  and  palatal  region  in  Man.  I  refer  to  the 
labial,  maxillary,  and  palatal  fissures,  which  are  simply  malformations 
due  to  arrested  development.  They  result  when  the  separate  funda- 
ments from  which  are  formed  the  upper  lip,  the  upper  jaw,  and  the 
palate  do  not  come  into  normal  union  (figs.  288-91). 

The  malformations  of  arrested  development  can  present  very 
different  variations,  according  as  the  coalescence  is  wholly  or  only 
partly  omitted,  and  according  to  whether  it  affects  one  or  both 
sides  of  the  face. 

In  the  case  of  total  arrest,  in  palatal,  maxillary,  and  labial  fissures 
of  both  sides,  both  nasal  cavities  are  broadly  in  communication  with 
the  oral  cavity  by  means  of  a  right  and  a  left  fissure  running  from 
in  front  backward.  From  above  there  projects  free  into  the  oral 
cavity  the  nasal  septum,  which  is  enlarged  in  front,  and  here  bears 
the  incompletely  developed  intermaxillary  with  its  rudimentary 
incisor  teeth.  In  front  of  it  lies  a  small  dermal  ridge,  the  fundament 
of  the  middle  part  of  the  upper  lip.  At  the  sides  of  the  fissures  and 
the  nasal  openings,  which  have  not  been  closed  in  below,  there  lie 
the  two  separated  maxillary  processes,  with  the  bony  upper  jaw  and 
the  fundaments  of  the  canine  and  molar  teeth.  The  horizontal 
palatal  plates  project  as  ridges  only  a  little  distance  into  the  oral 
cavity,  and  have  not  effected  a  junction  with  the  nasal  septum.  A 
malformation  of  this  kind  is  very  instructive  for  the  comprehension 
of  the  normal  processes  of  development  previously  described. 

When  the  arrest  is  only  partial,  coalescence  may  fail  either  on  the 
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superior  maxillary  processes  only,  or  on  the  palatal  plates  only,  and 
either  on  one  or  on  both  sides.  In  the  first  case  there  is  produced  a 
labio-maxillary  fissure,  or  even  a  labial  fissure  (hare-lip)  only,  while 
hard  and  soft  palates  are  formed  normally.  In  the  other  case  the 
upper  jaw  is  well  developed  and  no  external  evidence  of  malforma- 
tion is  visible,  while  there  is  a  fissure  on  one  or  both  sides  which 
passes  through  the  soft  palate,  and  sometimes  through  the  hard 
palate  also  (deft  palate). 


The  development  of  the  lower  jaw  is  coupled  with  fundamental 
metamorphoses.  As  has  been  previously  explained,  in  the  youngest 
embryos  the  oral  cavity  is  limited  below  by  the  membranous  inferior 
maxillary  processes.  Within  this  there  is  developed  (fig.  338) 
MECKEL'S  cartilage  (MK),  the  cranial  end  of  which  becomes  (compare 
p.  611)  the  fundament  of  the  malleus  (ha),  by  means  of  which 
MECKEL'S  cartilage  is  articulated  with  the  incus  (am).  At  its 
ventral  end  in  Mammals  it  unites  in  the  middle  line  with  the 
corresponding  part  of  the  other  side,  whereas  in  Man  a  small  space 
remains  between  them. 

Inasmuch  as  the  small  cartilages  mentioned  have  arisen  in  the 
first  visceral  arch,  they  correspond  both  in  position,  and  also  in  their 
mutual  connections  and  many  other  relations,  to  the  large  carti- 
laginous elements  with  which  we  have  already  become  familiar  in 
the  Selachians  (fig.  330)  as  palato-quadratuin  (0)  and  mandibulare 
(£7).  In  the  Selachians  the  palato-quadratum  and  mandibulare  are 
functional  as  a  genuine  jaw-apparatus,  for  they  bear  on  their 
margins  the  teeth,  which  are  attached  in  the  mucous  membrane 
only,  and  the  masticatory  muscles  are  inserted  on  their  surface. 

In  Mammals  and  Man  the  function  of  the  skeletal  parts  corre- 
sponding to  them  has  become  essentially  different,  for  they  have 
entered  into  the  service  of  the  auditory  apparatus ;  a  profound,  and 
in  its  final  results  wonderful  and  highly  important  metamorphosis 
has  taken  place  here.  In  order  to  explain  this  it  is  necessary  to 
touch  briefly  upon  a  few  comparative -anatomical  facts. 

With  the  beginning  of  ossifications  the  primary  lower  jaw  oses  in 
Teleosts,  Amphibia,  and  Reptiles  its  simple  condition,  and  is  con- 
verted into  an  apparatus  which  is  often  very  complicated.  The 
ossifications  are  here,  just  as  was  the  case  in  the  other  parts  of  the 
head-skeleton,  of  two  different  kinds,  primary  and  secondary.  One 
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bone,  which  makes  its  appearance  in  the  articular  part  of  the 
cartilage  and  produces  the  os  articulare.  is  a  primary  bone.  Witii 
this  are  associated  several  covering  bones  arising  in  the  surrounding 
connective  tissue,  two  of  which,  the  angulare  and  the  dentale. 
acquire  special  importance.  Both  are  attached  to  the  outer 
surface  of  the  cartilaginous  [Meckelian]  rod.  the  angulare  near  the 
joint,  the  dentale  in  front  of  it  and  extending  to  the  symphysis. 


[sth  gh 


Fig.  338.— Head  and  neck  of  a  human  embryo  18  weeks  old  with  the  visceral  skeleton  exposed; 
after  KOLLIKER.     Magnified. 

The  lower  jaw  is  somewhat,  depressed  in  order  to  show  MECKEL'S  cartilage,  which  extends  to  the 
malleus.     The  tympanic  membrane  is  removed  and  the  annulus  tympanicus  is  visible. 

ha,  Malleus,  which  passes  uninterruptedly  into  MECKEL'S  cartilage,  MK ;  uk,  bony  lower  jaw 
(dentale),   with  its  condyloid  process  articulating  with   the  temporal  bone  ;   am,  incus 
gt,  s'.apes ;  pr,   annulus  tympanicus ;  (jrf,  processu?  styloideus  ;   Isth,    ligamentum   stylo- 
hyoideum  ;  kh,  lesser  cornu  of  the  hyoii  bone  ;  gh,  its  greater  cornu. 

The  latter  is  an  important  skeletal  element,  which  attains  a  consider- 
able size,  receives  into  its  upper  margin  the  teeth,  and  grows  around 
the  cartilage  of  MECKEL  in  such  a  manner  that  the  cartilage  is  almost 
completely  enclosed  in  a  bony  cylinder.  The  whole  complicated 
apparatus,  composed  of  several  bones  and  the  original  cartilage 
enclosed  within  them,  articulates  at  the  primary  joint  of  the  jaw 
between  palato-quadratum  and  os  articulare. 

The  same  fundaments  are  again  met  with  in  Mammals  and  Man. 

40 
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In  the  articular  part  of  the  cartilage  of  the  lower  jaw,  which  has 
assumed  the  form  of  the  malleus  (figs.  334,  338  ha),  there  arises  a 
special  centre  of  ossification,  which  corresponds  to  the  articulare  of 
other  Vertebrates.  In  its  vicinity  appears,  as  a  covering  bone,  an 
exceedingly  small  aiigulare,  which  subsequently  fuses  with  it,  pro- 
ducing the  long  process  of  the  malleus.  The  second  covering  bone, 
the  dentale  (fig.  338  uk),  attains,  on  the  contrary,  a  great  size  and 
alone  becomes  the  subsequently  functioning  lower  jaw,  whereas  the 
remaining  parts,  which  in  the  compound  manclibular  apparatus  of 
Teleosts,  Amphibia,  Reptiles,  and  Birds  participate  in  the  function 
of  chewing  (palato-quadratum, — or  quadra  tuni, —  articulare,  angu- 
lare,  and  MECKEL'S  cartilage),  lose  their  original  function  and  are 
employed  in  another  manner. 

The  most  important  motive  to  this  profound  metamorphosis  is 
to  be  found  in  the  fact  that  in  Mammals  and  Man  there  is  developed 
in  place  of  the  primary  articulation  of  the  jaw  a  secondary  one.  The 
primary  articulation,  upon  which  the  tooth-bearing  dentale  is  moved, 
lies,  as  we  have  seen,  between  palato-quadratum  and  articulare. 
Inasmuch  as  these  elements  correspond  respectively  to  the  incus 
and  malleus  of  Mammals,  the  primary  articulation  of  the  jaw  of 
lower  Vertebrates  is  to  be  souyht  in  the  incus-malleus  articulation  of 
the  higher  Vertebrates.  In  Mammals  and  Man  the  dentale  is  no 
longer  moved  at  this  joint,  because  the  dentale  itself  forms  a  direct 
articulation  with  the  cranial  capsule  by  means  of  a  bony  projection, 
• — the  processus  condyloideus  (fig.  338), — which  it  sends  upward,  and 
through  which  it  is  united  to  the  squamous  portion  of  the  temporal 
bone  at  some  distance  in  front  of  the  primary  articulation.  This 
union  constitutes  the  secondary  articulation  of  the  jaw,  in  which  only 
covering  bones  participate. 

The  natural  result  of  the  formation  of  a  new  articulation  is,  that 
the  primary  lower-jaw  apparatus  has  become  superfluous  for  the 
act  of  mastication,  and  that  its  development  is  restricted.  Incus, 
malleus,  and  angulare,  which  is  united  with  the  malleus,  are  con- 
verted into  parts  of  the  auditory  organ  (see  p.  613).  The  remaining 
part  of  MECKEL'S  cartilage  (MK)  begins  to  degenerate,  in  Man  in 
the  sixth  month.  A  portion  of  it,  which  is  a  prolongation  of  the 
long  process  of  the  malleus,  extending  from  the  fissura  petrotym- 
panica  as  far  as  the  entrance  into  the  bony  lower  jaw  at  the 
foramen  alveolare,  is  converted  into  a  connective-tissue  cord,  the 
ligamentum  laterale  internurn  maxilla  inferioris.  A  small  portion 
near  the  front  end  early  acquires  a  special  centre  of  ossification  and 
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fuses  with  the  covering  bone.  The  remainder  of  that  portion  of 
MECKEL'S  cartilage  which  is  enclosed  in  the  canal  of  the  lower  jaw, 
from  the  foramen  alveolare  onward,  is  gradually  broken  down  and 
dissolved  ;  however,  remnants  of  the  cartilage  are  found  even  in  the 
new-born  infant  at  the  symphysis. 

At  first  the  bony  lower  jaw  is  a  paired  structure,  consisting  of 
tooth-bearing  halves.  These  remain  in  many  Mammals  as  separate 
bones,  being  united  in  a  symphysis  by  means  of  connective  tissue. 
In  Man  they  are  united  in  the  first  year  after  birth  into  a  single 
piece  by  the  ossification  of  the  intervening  tissue. 

A  special  peculiarity  is  exhibited  by  the  articular  end  of  the  lower 
jaw,  phylogenetically  a  covering  bone.  Instead  of  beginning  to  be 
formed,  in  the  manner  of  the  anterior  portion,  by  direct  ossification 
of  the  connective-tissue  foundation,  there  first  arises  here  a  carti- 
laginous tissue  consisting  of  large  vesicular  cells  and  soft  intercelluar 
substance,  which  is  gradually  converted  into  bone.  This  presents 
a  certain  similarity  to  the  development  of  the  primordial  bones. 
But  that  the  resemblance  is  only  superficial  is  shown  by  the  differ- 
ence in  the  structure  of  the  articulation,  to  which  I  shall  return  in 
a  subsequent  section. 


(c)  Concerning  the  Relation  of  the  Head- Skeleton  to  the 
Trunk-Skeleton. 

In  different  sections  of  this  text-book — in  discussing  the  primitive 
segments,  the  nervous  system,  and  especially  now  in  the  discussion 
of  the  axial  skeleton — reference  has  been  made  to  many  points 
of  agreement  that  have  been  recognised  between  the  structural 
conditions  of  the  head  and  those  of  the  trunk.  In  a  critical  com- 
parison of  these  two  regions  of  the  body  there  arise  many  important 
questions  which  have  for  several  decades  engaged  the  attention  of 
the  best  morphologists.  It  may  therefore  be  well  here,  after  having 
given  the  pertinent  facts,  to  take  up  these  questions  more  particularly, 
and  determine  the  relation  which  head  and  trunk,  and  especially  that 
which  head-skeleton  and  trunk-skeleton,  sustain  to  each  other. 

Before  I  elucidate  the  present  state  of  the  question,  I  will  give  a 
brief  survey  of  the  history  of  these  researches,  which  have  been 
grouped  together  under  the  name 

"  The  Vertebral  Theory  of  the  Skull." 
The  relation  which  the  anterior  and  posterior  parts  of  the  skeleton 
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of  the  trunk  sustain  to  each  other  in  the  morphology  of  Vertebrates 
was  for  the  first  time  subjected  to  a  thorough  scientific  discussion 
at  the  beginning  of  the  present  century,  when  the  school  of  the 
"  Natural  Philosophers  "  began  its  career.  An  attempt  to  solve  the 
problem  was  made  in  very  similar  ways  by  two  persons,  by  the 
natural  philosopher  OKEN  and  by  the  poet  GOETHE,  without  either 
of  them  having  been  influenced  by  the  other. 

According  to  the  OKEX-GOETHE  vertebral  theory,  the  skull  is  the 
most  anterior  part  of  the  vertebral  column,  and  is  composed  of  a 
small  number  of  modified  vertebrae.  OKEN  distinguished  three 
vertebrae  in  his  "  Programme  "  entitled  "  Ueber  die  Bedeutung  der 
Schiidelknochen,"  which  appeared  in  1807,  when  he  entered  upon  a 
professorship  conferred  upon  him  in  Jciia.  He  named  them  the 
ear-,  eye-,  and  jaw-vertebrae. 

Each  head-vertebra,  like  a  trunk-vertebra,  consisted  in  his  opinion 
of  several  parts — a  body,  two  arch-pieces,  and  a  dorsal  spine.  OKEN, 
GOETHE,  and  their  numerous  followers  believed  that  this  composition 
was  most  distinctly  recognisable  in  the  last  cranial  vertebra,  the 
occipitale,  the  base  of  which  was  compared  to  the  body  of  the 
vertebra,  the  condyloid  parts  to  the  lateral  arches,  and  the  squama 
to  the  spine  of  the  vertebra. 

A  second  cranial  vertebra  was  discerned  in  the  body  of  the  pos- 
terior sphenoidale,  which  together  with  its  greater  wings  and  the 
two  parietal  bones  formed  a  second  bony  ring  around  the  brain. 

A  third  vertebra  wras  constructed  out  of  the  body  of  the  sphenoidale 
anterius,  the  lesser  wings  and  the  frontale. 

The  ethmoidale  was  cited-  by  many  investigators  as  a  fourth — the 
most  anterior — cranial  vertebra.  A  number  of  bones,  which  would 
not  fit  into  this  scheme,  were  considered  to  be  structures  sui  generis, 
and  were  in  part  associated  with  the  sensory  organs  as  sensory  bones, 
in  part  compared  with  the  ribs  of  the  thorax. 

In  this  form,  which  underwent  numerous  modifications  in  details, 
the  OKEN-GOETHE  vertebral  theory  of  the  cranium  dominated  mor- 
phology for  decades  and  formed  the  foundation  of  many  investiga- 
tions. It  liad  a  stimulating  and  fruitful  effect  until,  icith  a  deeper 
insight  into  the  structure  of  Vertebrates,  it  was  abandoned  as  defective 
and  erroneous,  giving  way  before  the  force  of  numerous  newly  dis- 
covered facts. 

For  neither  the  comparative  osteology  of  the  skull  nor  growing 
embryological  research  could  point  out  in  a  satisfactory  way  which 
bones  were  really  to  be  interpreted  as  parts  of  vertebrae.  The  most 
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dissimilar,  and  more  or  less  arbitrary,  opinions  upon  this  subject  made 
their  appearance.  An  agreement  even  as  to  the  number  of  vertebrae 
contained  in  the  skeleton  of  the  head  could  not  be  reached.  Some 
investigators  assumed  six,  others  five  or  four,  or  even  three  only. 

HUXLEY,  in  his  " Elements  of  Comparative  Anatomy,"  by  a  critique 
based  upon  facts,  was  the  first  to  prepare  the  way  for  a  termina- 
tion of  this  unpleasant  state  of  affairs,  in  which  the  vertebral 
theory  was  held  to  with  tenacity,  notwithstanding  the  contradictions 
that  everywhere  arose.  In  his  discussion  he  argued  from  a  series  of 
facts  which  embryological  investigation  had  brought  to  light.  As  such 
the  following,  important  for  the  problem  of  the  skull,  should  be 
cited  before  all  others. 

First,  the  discovery  that  the  skeleton  of  the  head,  like  the  verte- 
bral column,  is  developed  out  of  a  cartilaginous  condition,  and  that 
the  brain  is  first  enclosed  by  a  primordial  cartilaginous  cranium 
(BAER,  DUGES,  JACOBSON). 

Secondly,  the  doctrine  established  mainly  by  KOLLIKER,  that  the 
bones  of  the  head-skeleton  are  separable  into  two  groups  according 
to  their  development  — into  the  primordial  bones,  which  arise  in  the 
primordial  cranium  itself,  and  the  secondary  or  covering  bones, 
which  have  their  origin  in  the  enveloping  connective  tissue. 

Thirdly,  the  insight  which  was  acquired,  through  the  important 
works  of  RATIIKE  and  REICHERT,  into  the  metamorphoses  of  the 
visceral  skeleton,  and  thereby  into  the  development  of  the  palato- 
maxillary  apparatus  and  the  auditory  ossicles. 

Through  an  examination  of  these  various  facts,  HUXLEY  was  led  to 
the  important  and  fully  justified  conclusion,  that  not  a  single  cranial 
bone  can  be  recognised  as  a  modification  of  a  vertebra,  that  the  skull 
•is  no  more  a  modified  vertebral  column  than  the  vertebral  column  is  a 
modified  skull ;  that,  rather,  both  are  essentially  distinct  and  different 
modifications  of  one  and  the  same  structure. 

While  HUXLEY  stopped  at  the  negative  standpoint,  simply  denying 
the  vertebral  theory,  GEGENBAUR  has  made  the  question  of  the 
relation  of  skull  and  vertebral  column,  raised  by  GOETHE  and  OKEN, 
but  from  ignorance  of  the  facts  incorrectly  answered  by  them,  again 
the  object  of  profound  comparative  study.  Rightly  recognising 
that  the  problem  can  be  solved  only  by  detailed  investigation  of 
the  primordial  skeleton,  he  selects  as  the  object  for  his  studies  the 
cartilaginous  skull  of  the  Selachians,  and  endeavors  in  his  revolu- 
tionising work,  "  Das  Kopfskelet  der  Selachier  als  Grundlage  zur 
"Beurtheilung  der  Genese  des  Kopfskelets  der  Wirbelthiere,"  to 
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produce  the  evidence  that  the  primordial  cranium  has  arisen  byf> 
from  a  number  of  segments  equivalent  to  vertebrce.     Instead  of  the 
OKEN-GOETHE  vertebral  theory  he  propounds  the  segmental  theory  of 
the  skull,  as  I  suggest  the  doctrine  of  GEGENBAUR  be  called. 

GEGENBAUR  proceeds  from  the  correct  conception  that  the  segmen- 
tation of  a  region  of  the  body  is  recognisable  not  only  in  the  meta- 
merism of  the  vertebral  column,  but  also  in  many  other  structures — 
in  the  method  of  the  arrangement  of  the  chief  nerve-trunks,  and  in 
the  ventral  arch-structures  attached  to  the  axial  skeleton.  He 
investigates,  accordingly,  the  cranial  nerves  of  the  Selachians,  and 
arrives  at  the  conclusion  that,  with  the  exception  of  the  olfactory 
and  optic  nerves,  which  are  metamorphosed  parts  of  the  brain  itself, 
they  deport  themselves  like  spinal  nerves  both  in  their  origin  and 
their  peripheral  distribution.  He  determines  that  there  are  nine 
pairs  of  them ;  and  therefore  concludes  that  the  portion  of  the  head- 
skeleton  which  is  traversed  by  the  nine  segmentally  arranged  cranial 
nerves  must  be  equivalent  to  nine  vertebral  segments,  and  that  it 
must  have  arisen  by  their  very  early  fusion. 

The  visceral  skeleton  of  Selachians  is  regarded  by  GEGENBAUR 
from  the  same  instructive  point  of  view.  He  discerns  in  the 
maxillary,  hyoid,  and  branchial  arches  skeletal  elements  which  are 
represented  in  the  vertebral  column  by  the  ribs. 

Inasmuch  as  a  vertebra.!  segment  belongs  to  each  pair  of  ribs,  a 
similar  relation  is  also  assumed  as  the  original  arrangement  for  the 
visceral  arches.  Thus  this  method  of  considering  the  question  leads 
to  the  same  result :  that  the  primordial  cranium — since  at  least  nine 
visceral  arches  belong  to  it  as  ventral  arch-structures — has  been 
produced  from  at  least  nine  segments. 

Such  an  origin  GEGENBAUR  accepts  for  the  posterior  chorda- 
traversed  region  of  the  skull  only,  in  which  alone  the  emerging 
nerves  agree  with  spinal  nerves.  He  therefore  distinguishes  this  as 
vertebral  from  the  anterior  or  non-vertebral  portion,  which  does  not 
allow  the  recognition  of  any  segmentation,  and  which  begins  in  front 
of  the  anterior  end  of  the  chorda.  He  interprets  the  latter  as  a  new 
formation  which  has  been  established  by  the  enlargement  in  front  of 
the  vertebral  part  of  the  skull. 

GEGENBAUR  explains  the  great  differences  which  exist  between 
skull  and  vertebral  column  as  adaptations,  partly  to  the  enormous 
development  of  the  brain,  partly  to  the  sensory  organs  of  the  head, 
which  are  received  into  pits  and  cavities  of  the  primordial  cranium. 

Since  the  time  when  GEGENBAUR  with  keen  discrimination  pro- 
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pounded  his  segmental  theory  of  the  skull,  the  way  has  been 
prepared  in  many  directions,  chiefly  through  embryological  investi- 
gation, for  a  better  comprehension  of  the  skeleton  of  the  head. 

Investigations  which  I  undertook  on  th.3  dermal  skeleton  of 
Selachians,  Ganoids,  and  Teleosts,  as  well  as  on  the  head-skeleton  of 
Amphibia,  showed  that  the  difference  between  primordial  and  cover- 
ing bones  is  much  greater  than  it  was  originally  assumed  to  be. 
For  as  their  development  shows,  the  covering  bones  are  at  first 
structures  quite  foreign  to  the  axial  and  head-skeleton,  formed  at  the 
surface  of  the  body  in  the  skin  and  mucous  membrane.  They  are 
parts  of  a  dermal  skeleton,  which  in  lower  Vertebrates  protect  the 
surface  of  the  body  as  a  scaly  armor, — parts  which  have  entered 
into  union  with  the  superficially  located  portions  of  the  inner, 
primordial  cartilaginous  skeleton.  Therefore  the  covering  bones  of  the 
lower  Vertebrates  are  often  tooth -bearing  bony  plates,  which  have 
originated  from  a  fusion  of  isolated  dental  fundaments,  a  condition 
which  may  be  regarded  for  many  reasons  as  the  primitive  one. 

A  further  acquisition  of  broad  significance  is  the  discovery  of  the 
primitive  segments  of  the  head,  which  we  owe  to  BALFOUR.  MILNES 
MARSHALL,  GOETTE,  WIJHE,  and  FRORIEP. 

By  it  an  important  point  of  agreement  between  head  and  trunk 
has  been  made  out.  The  two  body-sacs  penetrate  even  into  the 
head ;  here  also  the  two  middle  germ-layers  are  separated  into  a 
dorsal  portion,  lying  in  contact  with  the  chorda  and  neural  tube, 
which  is  divided  into  nine  pairs  of  primitive  segments,*  and  into  a 
ventral  portion  (see  p.  351). 

The  head  is  therefore  segmented  similarly  to  the  trunk,  even  at  a 
time  when  the  first  traces  of  the  fundament  of  a  vertebral  column  or 
a  head-skeleton  are  not  yet  present. 

Thirdly,  the  insight  into  the  development  of  the  cranial  nerves 
(BALFOUR,  MARSHALL,  WIJHE,  and  others)  is  important.  An  agree- 
ment with  the  development  of  the  spinal  nerves  has  been  established 
in  so  far  as  some  cranial  nerves  have  a  dorsal  origin  from  a  neural 
crest,  like  the  sensory  roots  of  spinal  nerves,  while  others  grow  out 
ventrally  from  the  brain-vesicles  like  anterior  roots. 

Finally,  I  would  mention  as  a  step  in  advance,  which  is  not  with- 
out significance  for  the  interpretation  of  the  head-skeleton,  the 
altered  conception  of  the  meaning  of  the  primitive  segments  which 
embryological  evidence  has  compelled  us  to  form. 

The  primitive  segments  are  the  real  fundaments  of  the  musculature 
*  [Sea  footnote  p.  458.] 
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of  the  body.  The  first  segmentation  of  the  vertebrate  body  affects 
the  body-sacs  and  the  musculature  arising  from  them.  The  forma- 
tion of  the  primitive  segments  is  only  remotely  and  indirectly 
connected  with  the  development  and  segmentation  of  the  vrrtrlnul 
column.  It  is  only  after  muscle-segments  have  existed  for  a  long 
time  that,  at  a  comparatively  late  stage  of  development,  the  funda- 
ments of  a  segmented  vertebral  column  are  established.  But  these 
aiise,  by  histological  metamorphosis,  from  an  unsegmented  con- 
nective-tissue matrix,  in  consequence  of  the  appearance  of  a  process 
of  chondrification. 

All  the  conditions  here  only  briefly  touched  upon  are  of  far- 
reaching  significance  for  the  question  of  the  relation  of  the  head-  and 
trunk-skeletons  to  each  other.  For,  as  GEGENBAUR  rightly  points 
out,  since  the  establishment  of  his  segmental  theory  "  the  vertebral 
theory  of  the  skull  has  become  more  and  more  a  problem  of  the 
phylogenesis  of  the  whole  head." 

I  desire  to  give  briefly  and  connectedly  my  own  views  upon  this 
subject : — 

Theory  concerning  the  Relation  of  the  Head  and  its  Skeleton 
to  the  Skeleton  of  the  Trunk. 

The  segmentation  of  the  vertebrate  body  begins  with  the  walls  of 
the  primary  body-sacs,  the  dorsal  portion  of  which,  abutting  upon 
the  chorda  and  neural  tube,  is  divided  by  the  formation  of  folds  into 
successive  compartments,  the  primitive  segments. 

Inasmuch  as  the  voluntary  musculature  is  developed  from  the 
walls  of  the  primitive  segments,  it  is  the  first  system  of  organs  in 
Vertebrates  to  be  segmented. 

The  myomeric  condition — "  myomerism  " — is  the  direct  cause  of  a 
segmental  arrangement  of  the  peripheral  nerve-tracts,  for  the  motor 
nerves  pertaining  to  a  segment  unite  to  form  an  anterior  [ventral] 
root  as  they  emerge  from  the  spinal  cord,  and  in  the  same  manner 
the  sensory  nerves  which  come  from  a  corresponding  part  of  the  skin 
together  constitute  a  sensory  root. 

At  a  time  when  the  segmentation  of  the  musculature  and  of  the 
peripheral  nerve-tracts  has  already  been  effected,  the  skeleton  is 
still  unsegmented ;  for  it  is  represented  by  the  chorda  dorsalis  alone. 
The  soft  mesenchyme,  which  envelops  the  chorda  and  the  neural 
tube,  and  which  becomes  the  matrix  of  the  subsequently  formed 
segmented  axial  skeleton,  is  still  a  continuous  mass  of  cells,  filling  in 
the  spaces  between  these  organs. 
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At  this  time  the  differentiation  of  head  and  trunk  has  already 
taken  place.  This  is  accomplished,  first  by  the  establishment  of  the 
higher  sensory  organs  in  the  anterior  portion  of  the  body,  secondly 
by  the  enlargement  of  the  neural  tube  into  the  voluminous  brain  - 
vesicles,  thirdly  by  the  formation  of  a  regular  series  of  visceral  clefts 
in  the  walls  of  the  head-gut,  which  thus  also  undergo  a  kind  of 
segmentation  (branchiomerism). 

The  region  of  the  body  which  is  thus  metamorphosed  into  a  head  is 
from  the  beginning  segmented,  and  is  composed,  as  the  Selachians  show, 
of  at  least  nine  primitive  segments. 

The  development  of  visceral  clefts  produces  still  further  differences 
between  head  and  trunk.  By  the  appearance  of  visceral  clefts,  the 
front  part  of  the  body-cavity  is  divided  up  into  several  successive  head- 
cavities.  By  the  disappearance  of  these  cavities,  parts  corresponding 
to  the  thoracic  and  abdominal  cavities  have  become  obliterated. 
Further,  there  are  developed  out  of  the  cells  composing  the  walls  of 
the  head-cavities  important  masses  of  transversely  striped  musclos  for 
moving  and  constricting  the  separate  portions  of  the  branchial  region 
of  the  alimentary  canal,  whereas  in  the  trunk  the  voluntary 
musculature  arises  exclusively  from  the  primitive  segments.  In 
the  trunk  these  masses  of  muscle  spread  out  both  dorsally  over  the 
neural  tube,  and  also  ventrally  into  the  wall  of  the  thorax  and 
abdomen,  whereas  in  the  head  they  remain  limited  to  a  small  space 
and  do  not  undergo  any  extensive  development. 

It  is  only  after  head  and  trunk  have  thus  already  become  in  a  high 
degree  different  that  the  cartilaginous  axial  skeleton  begins  to  be  formed. 

The  latter  is  therefore  a  structure  of  comparatively  recent  origin, 
as  it  also  is  peculiar  to  the  phylum,  Yertebrata,  and  even  here  is 
wanting  in  the  lowest  representative,  Amphioxus  lanceolatus. 

The  development  of  the  cartilaginous  axial  skeleton  in  the  two 
chief  regions  of  the  body  is  from  the  beginning  partly  similar,  partly 
dissimilar. 

The  development  is  similar  in  so  far  as  the  process  of  chondrifica- 
tion  begins  in  both  head  and  trunk  in  the  perichordal  connective 
tissue,  then  extends  around  the  chorda  both  above  and  below, 
ensheathing  it,  and  finally  is  continued  into  the  connective-tissue 
layer  that  envelops  the  neural  tube. 

The  dissimilarity  is  expressed  in  the  occurrence  or  omission  of 
segmentation.  In  the  trunk  under  the  influence  of  the  musculature 
there  arises  a  segmentation  of  the  cartilaginous  axial  skeleton  into 
firm  vertebral  pieces,  alternating  with  intervertebral  ligaments  which 
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remain  in  the  connective-tissue  state.  In  the  head  there  is  developed 
at  once  a  continuous  cartilaginous  capsule  around  the  brain-vesicles. 
The  segmentation,  which  in  this  region  is  expressed  in  other  systems  of 
organs, — in  the  formation  of  primitive  segments  and  in  the  arrangement 
of  the  cranial  nerves, — does  not  occur  in  the  corresponding  part  of  the 
axial  skeleton.  Never  in  the  course  of  the  development  of  any 
Vertebrate  has  there  been  observed,  as  tho  first  fundament  of  the 
primordial  cranium,  a  succession  of  cartilaginous  pieces,  alternating 
with  connective-tissue  discs,  and  there  seems  to  be  EO  ground  for 
assuming  that  a  condition  of  this  kind  existed  in  earlier  times.  In 
the  slight  development  of  the  muscles  derived  from  the  primitive 
segments  of  the  head,  and  in  the  voluminous  condition  attained  by 
the  brain  and  sensory  organs,  are  to  be  discerned,  on  the  contrary, 
factors  which  have  converted  the  head,  at  an  early  period,  into  a 
more  rigid  portion  than  the  trunk.  The  cause,  which  in  the  trunk 
has  made  the  segmentation  of  the  axial  skeleton  necessary,  has  been 
wanting  in  the  head. 

During  the  last  few  years  the  opinion  has  been  expressed  by 
a  number  of  persons  (ROSENBERG,  STOHR,  FRORIEP)  that  in  some 
classes  of  Vertebrates  the  occipital  region  of  the  primordial  cranium 
is  increased  by  fusion  with  vertebral  fundaments  of  the  neck-region, 
and  thus,  as  it  were,  "  is  constantly  advancing  caudad."  I  leave 
undetermined  to  what  extent  this  is  true.  GEGENBAUR  combats  the 
interpretation  of  STOHR,  but  describes  a  quite  frequently  occurring 
fusion  of  the  cranial  capsule  with  vertebrae  in  Bony  Fishes.  One 
thing  only,  would  I  point  out:  the  conception  of  the  first  unsegmented 
fundament  of  the  primordial  cranium  which  I  have  presented  is 
not  irreconcilable  with  the  view  that  subsequently  new  vertebral 
segments  may  be  added  behind. 

Besides  the  segmented  condition  of  the  vertebrce,  a  segmentation  of 
the  axial  skeleton  is  also  expressed  in  the  appearance  of  ventral  arches, 
which  are  repeated  in  regular  order  from  before  backwards.  On 
the  head  they  are  designated  as  visceral  arches,  on  the  trunk  as  ribs. 

The  position  of  these  skeletal  parts  also  is  dependent  upon  the 
first  segmentation  which  affects  the  organisation  of  Vertebrates. 
For  the  ribs  are  developed  between  the  muscle-segments  by  a  process 
of  chondrification  in  the  connective- tissue  plates  separating  them — 
the  intermuscular  ligaments  ;  while  the  visceral  arches  are  dependent 
upon  the  visceral  clefts,  by  which  the  ventral  part  of  the  head-region 
is  divided  into  a  number  of  successive  segments. 

It  cannot  be  concluded  from  the  existence  of   ribs  and  visceral 


THE  ORGANS  OF  THE  INTERMEDIATE  LAYER  OR  MESENCHYME.  635 

arches  that  the  corresponding  skeletal  axis  must  likewise  have  been 
segmented.  They  are  only  an  indication  of  the  segmentation  of  the 
region  of  the  body  to  which  they  belong. 

That  the  segmentation  of  the  head  which  is  present  in  the  embryo 
is  more  or  less  obliterated  in  the  adult  Vertebrate  depends  upon 
two  causes.  First  the  primitive  segments  are  only  slightly  developed, 
furnishing  unimportant  muscles,  and  in  part  wholly  degenerate; 
secondly  the  visceral  skeleton  is  subjected  to  profound  metamorphoses. 
Especially  in  the  higher  Vertebrates  it  experiences  such  a  degenera- 
tion and  metamorphosis,  that  finally  nothing  of  the  original  segmental 
arrangement  of  its  parts  (palato-maxillary  apparatus,  auditory 
ossicles,  hyoid  bone)  is  left. 


B.  The  Development  of  the  Skeleton  of  the  Extremities. 


i3    zb 


A  description  of  the  skeleton  of  the  extremities  should  be  preceded 
by  a  few  words 
in  regard  to  the 
fundaments  of  the 
limbs  themselves. 
These  at  first 
appear  as  small 
elevations  [limb- 
buds]  at  the  sides 
of  the  trunk  in 
front  and  behind 
(fig.  339).  That 
they  belong  more 
to  the  ventral  than 
to  the  dorsal  sur- 
face of  the  body  is 
evident  from  the 
fact  that  they  are 
innervated  by  the 
ventral  branches 


Fig.  339. — Very  young  human  embryo  of  the  fourth  week  4  mm 
long,  neck-rump  measurement ;  taken  from  the  uterus  of  a 
suicide  8  hours  after  her  death,  after  RABL. 

au,  Eye  ;  ng,  nasal  pit ;  uk,  lower  jaw  ;  zb,  hyoid  arch  ;  s3,  s4,  third 
and  fourth  visceral  arches  ;  h,  protrusion  of  the  wall  of  the 
truck  caused  by  the  growth  of  the  heart ;  us,  boundary  between 
two  primitive  segments  ;  oe,  ue,  anterior  and  posterior  limbs. 


of    the    spinal 
nerves. 

Moreover,       the 
limbs     appear     to 
belong  to  a  large  number  of  trunk-segments.    This  is  to  be  inferred  both 
from  the  method  of  the  distribution  of  nerves  and  also  from  the  source 
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of  their  musculature.  For  the  anterior  and  posterior  limbs  always 
receive  their  nerves  from  a  large  number  of  spinal  nerves.  The 
muscles  are  derived  from  the  same  source  as  the  whole  musculature 
of  the  trunk — from  the  primitive  segments. 

It  has  not  yet  been  possible  to  establish  the  derivation  of  the 
musculature  in  Mammals  and  Man.  For  the  limb-buds  consist  of  a 
mass  of  small,  closely  crowded  cells ;  it  is  impossible  to  state  which 
of  these  belong  to  the  mesenchyme,  which  to  .the  musculature,  or 
which  to  the  nerves.  The  conditions  in  lower  Vertebrates,  on  the 
contrary,  are  much  more  favorable. 

In  Selachians  the  fins,  which  correspond  to  the  limbs  of  the  higher 
Vertebrates,  contain,  even  at  the  time  of  their  formation  as  small 
plates,  distinctly  recognisable  embryonic  gelatinous  tissue,  which  is 
covered  in  by  the  epidermis.  An  important  discovery  by  DOHRN  has 
established  that  there  grow  into  the  gelatinous  tissue  of  the  fin  two 
buds  from  each  of  a  large  number  of  primitive  segments ;  the  buds 
then  become  detached  from  their  parent  tissue  and  each  is  divided  into 
a  dorsal  and  a  ventral  half — the  fundaments  of  extensor  and  flexor 
musculature.  Each  fin  therefore  contains  a  series  of  muscular  funda- 
ments, which  have  arisen  seymentally  and  are  arranged  one  behind 
another, — a  fact  which  has  its  weight  in  many  other  questions 
touching  the  origin  of  the  limbs. 

In  Man  the  fundaments  of  the  limbs  take  on  a  definite  form  as 
early  as  the  fifth  week.  The  outgrowths  have  become  enlarged  and 
divided  into  two  regions,  of  which  the  distal  becomes  the  hand,  or 
foot.  In  the  case  of  the  anterior  extremity  the  front  margin  of  the 
hand  already  begins  to  acquire  indentations,  by  which  the  first 
fundaments  of  the  fingers  are  indicated.  In  the  sixth  week  the 
three  chief  divisions  of  the  limbs  are  recognisable,  for  the  proximal 
portion  is  now  marked  off  by  a  transverse  furrow  either  into  arm 
and  fore-arm  or  into  thigh  and  leg.  Now,  too,  on  the  foot  the  toes 
are  indicated  by  constrictions,  but  less  distinctly  than  are  the  fingers 
on  the  hand. 

In  the  seventh  week  there  are  to  be  observed  at  the  tips  of  the 
fingers  claw-like  appendages,  consisting  of  epidermal  cells — the 
primitive  nails.  As  HENSEN  remarks,  "  The  similarity  of  the  hand 
at  this  stage  to  the  anterior  extremity  of  a  Carnivore  viewed  from 
the  sole  is  striking  ;  in  addition  to  the  toe-like  brevity  and  thickness 
of  the  fingers,  the  pads  are  well  developed." 

With  their  enlargement  the  limbs  apply  themselves  to  the  ventral 
•airface  of  the  embryo,  being  directed  obliquely  from  in  front  back- 
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ward  [and  ventracl],  the  anterior  limbs  more  obliquely  than  the 
posterior.  In  both  of  them  the  future  extensor  side  lies  dorsal, 
the  flexor  side  ventral.  Both  the  radial  and  tibial  margins  with  the 
thumb  and  great  toe  are  directed  cephalad,  the  fifth  finger  and  the 
fifth  toe  caudad. 

By  this  and  by  the  fact  that  the  limbs  belong  to  several  trunk- 
segments  are  explained  certain  conditions  in  the  distribution  of  the 
nerves  of  the  upper  extremity.  In  the  case  of  the  arm  "the  radial 
side  is  supplied  with  nerves  (axillaris,  musculo-cutaneus),  whose  fibres 
are  referable  to  the  fifth,  sixth,  and  seventh  cervical  nerves.  Upon 
the  ulnar  side,  on  the  contrary,  are  found  nerves  (n.  cutaneus  medialis, 
n.  meclius,  and  n.  ulnaris)  whose  origin  from  the  lower  secondary 
trunk  of  the  plexus  discloses  their  derivation  from  the  eighth  cervical 
and  first  dorsal  nerves  "  (SCHWALBE). 

In  the  further  course  of  development  both  limbs  alter  their  original 
position, — the  anterior  to  a  greater  extent  than  the  posterior, — in- 
asmuch as  they  undergo  a  torsion  around  their  long  axes  in  opposite 
directions.  In  this  way  the  extensor  side  of  the  upper  arm  becomes 
directed  backward  [caudad],  that  of  the  thigh  forward  ;  radius  and 
thumb  are  now  directed  laterad,  tibia  and  great  toe  mecliad.  These 
alterations  in  position  due  to  torsion  are  naturally  to  be  taken  into 
account  in  determining  the  homologies  of  the  anterior  and  posterior 
extremities,  so  that  radius  corresponds  to  tibia  and  ulna  to  fibula. 

In  the  originally  homogeneous  cell-mass  the  fundaments  of  the 
skeleton  and  musculature  are  gradually  differentiated  from  each 
other,  owing  to  the  fact  that  the  cells  acquire  a  more  definite 
histological  character.  In  this  connection  the  following  phenomenon 
is  to  be  observed  : — 

The  parts  of  the  skeleton  of  the  extremity  are  not  all  established 
at  the  same  time,  but  follow  a  definite  sequence,  in  somewhat  the 
same  manner  as,  in  the  development  of  the  axial  skeleton,  the  process 
of  segmentation  begins  in  front  and  progresses  backward.  So  in 
the  limbs  the  proximal  skeletal  elements  (i.e.,  those  which  are  situated 
nearer  to  the  trunk)  are  formed  sooner  than  the  distal  ones. 

This  is  the  most  strikingly  apparent  in  the  case  of  the  fingers  and 
toes.  Whereas  the  first  phalanx  has  been  differentiated  from  the 
surrounding  tissue  in  embryos  of  the  fifth  and  sixth  week,  the 
second  and  third  are  not  at  that  time  distinguishable ;  the  ends  of 
the  fundaments  of  fingers  and  toes  still  consist  of  a  mass  of  small 
v;ells  in  process  of  growth.  In  this  mass  the  second  phalanx  is  then 
differentiated,  and  at  last  the  third. 
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Furthermore  the  formation  of  the  anterior  limbs  outstrips  some- 
what that  of  the  posterior. 

In  the  development  of  the  skeleton  of  the  extremities  there  are  to  be 
recognised,  as  in  the  vertebral  column  and  the  skull,  three  different 
stages, — the  stage  of  the  membranous,  that  of  the  cartilaginous,  and  that 
of  the  osseous  fundament. 

After  these  general  remarks  I  turn  to  the  detailed  description  of 
(1)  the  pectoral  and  pelvic  girdles,  (2)  the  skeleton  of  the  appendage, 
which  projects  free  from  the  surface  of  the  trunk,  and  (3)  the 
formation  of  joints. 

(a)  Pectoral  and  Pelvic  Girdles. 

The  fundaments  of  the  girdles  of  the  limbs  consist  each  of  a  pair 
of  curved  pieces  of  cartilage,  which  are  imbedded  under  the  skin  in 
the  muscles  of  the  trunk,  and  which  bear  near  the  middle  an  articular 
surface  for  the  reception  of  the  skeleton  of  the  free  extremity.  By 
this  each  cartilage  is  divided  into  a  dorsal  half,  near  the  vertebral 
column,  and  a  ventral  half.  The  former  is  converted  in  Mammals 
and  Man  into  a  broad  shovel-shaped  piece ;  the  ventral  half,  which 
reaches  to,  or  nearly  to,  the  median  plane,  is,  on  the  contrary, 
divided  into  two  diverging  processes,  an  anterior  and  a  posterior. 
The  cartilaginous  pieces  thus  distinguishable  ossify  from  special 
centres,  and  thereby  acquire  a  higher  degree  of  independence. 

The  shoulder-blade  (scapula)  of  Man  is  at  first  a  cartilage  of  a 
form  similar  to  that  of  the  adult,  except  that  the  basis  scapulae  is 
less  developed.  In  the  third  month  ossification  begins  at  the  collum 
scapulae.  However,  the  margins,  the  spine,  and  the  acrornion 
remain  for  a  long  time  cartilaginous,  and  indeed  are  in  part  so  even 
at  the  time  of  birth.  There  arise  in  them  here  and  there  accessory 
centres  during  childhood. 

From  the  articular  part  of  the  shoulder-blade  there  runs  ventrally 
a  cartilaginous  process,  which  is  short  in  Man,  but  in  other  Verte- 
brates is  of  considerable  size  and  reaches  down  to  the  sternum.  It 
corresponds  to  the  posterior  of  the  previously  mentioned  diverging 
processes  into  which  the  ventral  part  of  the  cartilaginous  arch  is 
divided,  and  is  known  in  comparative  anatomy  as  pars  coracoidea. 
In  Man  it  is  only  slightly  developed.  Its  great  independence,  however, 
is  made  evident  by  its  acquiring  in  the  first  year  after  birth  a  sepa- 
rate centre  of  ossification.  From  this  there  gradually  arises  a  bony 
element  (os  coracoideum),  which  is  joined  to  the  shoulder-blade  until 
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the  seventeenth  year  by  a  strip  of  cartilage,  and  may  therefore  be 
detached.  Afterwards  it  is  united  with  the  scapula  by  bony  substance 
and  constitutes  the  coracoid  process.  Still  later  the  fusion  of  the 
accessory  centres  previously  mentioned  takes  place,  to  which,  how- 
ever, no  great  morphological  importance  attaches. 

There  are  two  different  views  concerning  tho  place  which  the 
clavicle  takes  in  the  shoulder-girdle. 

According  to  GOETTE,  HOFFMANN,  and  others,  it  belongs  to  the 
primordial  skeletal  parts,  which  are  preformed  in  cartilage,  and 
corresponds  to  the  anterior  ventral  process,  which  was  present  in  the 
primitive  form  of  the  shoulder-girdle.  According  ta  GEGENBAUR  it 
is  a  covering  bone  which  has  entered  into  union  with  the  cartilaginous 
skeleton  in  the  same  way  as  the  covering  bones  of  the  skull  have 
with  the  primordial  cranium. 

It  is  the  peculiar  method  of  the  development  of  the  clavicle  that 
has  caused  this  divergence  of  opinion.  This  is  the  first  bone  to  be 
formed  in  Man  ;  it  begins  to  be  ossified  as  early  as  the  seventh  week. 
The  earliest  bony  piece,  as  GEGENBAUR  was  the  first  to  ascertain,  is 
developed  out  of  wholly  indifferent  tissue.  Then  there  are  added  at 
both  ends  masses  of  cartilage,  which  are  softer  and  provided  with 
less  intermediate  substance  than  the  ordinary  embryonic  cartilage. 
They  serve,  as  in  other  bones  that  are  preformed  in  cartilage,  for  the 
elongation  of  the  clavicle  at  both  ends.  There  is  also  developed  in 
the  sternal  end,  between  the  fifteenth  and  twentieth  years,  a  kind  of 
epiphysial  centre,  as  KOLLIKER  states ;  this  fuses  sometimes  as  late 
as  the  twenty-fifth  year  with  the  main  piece. 

The  original  conditions  are  the  most  faithfully  preserved  in  the 
pelvic  girdle,  even  in  Man  and  Mammals.  The  first  fundament  of 
the  girdle  consists  of  a  right  and  a  left  pelvic  cartilage,  which  are 
united  ventrally  in  the  symphysis  by  means  of  connective  tissue,  and 
each  of  which  has  at  its  middle  an  articular  fossa.  Each  pelvic 
cartilage  is  composed  of  an  expanded  part  extending  dorsally  from 
the  articular  depression, — the  iliac  cartilage, — which  is  joined  to  the 
sacral  region  of  the  spinal  column,  and  two  ventral  cartilaginous 
rods, — pubis  and  ischium, — which,  mesting  in  the  symphysis,  enclose 
the  foramen  obturatorium. 

It  is  stated  by  ROSENBERG  that  the  pubic  cartilage  is  at  first 
formed  independently,  but  that  it  soon  fuses  with  the  other  cartilages 
at  the  acetabulum. 

Ossification  begins  at  the  end  of  the  third  month  in  three  places, 
and  thus  are  formed  a  bony  ilium,  os  $)ubis,  and  ischium  at  the 
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expense  of  the  cartilage,  of  which,  however,  considerable  remnants 
are  still  present  at  the  time  of  birth.  For  the  whole  crest  of  the 
ilhmj,  the  rim  and  funclus  of  the  acetabulum,  and  the  whole  tract 
from  the  tuberosity  of  the  ischium  to  the  spine  of  the  pubis  is  .still 
cartilaginous. 

After  birth  the  growth  of  the  three  bony  pieces  advances  toward 
the  acetabulum,  where  they  all  meet,  being  however  separated,  up  tc 
the  time  of  puberty,  by  strips  of  cartilage,  which  together  form  a 
three-rayed  figure.  At  about  the  eighth  year  both  the  ascending 
and  descending  rami  of  pubis  and  ischium  fuse  with  each  other,  so 
that  at  this  time  each  hip-bone  consists  of  two  pieces  joined  by 
cartilage  at  the  acetabulum — the  ilium  and  an  ischio-pubic  bone. 
These  do  not  become  united  into  one  piece  until  the  time  of  puberty. 

As  in  the  pectoral  girdle,  so  also  in  the  pelvic  girdle,  there  occur 
accessory  centres  of  ossification  ;  of  these  one,  which  sometimes  arises 
in  the  cartilage  of  the  acetabulum,  is  the  most  important,  and  i.s 
described  as  os  acetabuli.  Others  arise  in  the  cartilaginous  crest  of 
the  ilium,  in  the  spines  and  tubercles,  and  in  the  tuberosity  of  the 
ischium.  They  are  not  united  with  the  chief  bones  until  the  end  of 
the  period  of  growth. 

(b)  Skeleton  of  the  Free  Extremity. 

All  skeletal  parts  of  the  hand,  fore-arm,  and  arm,  as  well  as  of  the 
foot,  leg,  and  thigh,  are  originally  solid  pieces  of  hyaline  cartilage, 
which  early  acquire  the  general  forms  of  the  bones  that  subsequently 
replace  them.  They  are  marked  off  from  their  surroundings  by  a 
special  fibrous  layer  of  connective  tissue,  the  perichondrium. 

From  the  beginning  of  the  third  month  the  process  of  ossification 
takes  place  in  the  larger  skeletal  pieces,  by  means  of  which  the 
cartilaginous  tissue  is  destroyed  and  replaced  by  osseous  tissue,  in  the 
same  manner  as  in  the  vertebral  column.  In  this  process  several 
general  phenomena  regularly  make  their  appearance  ;  I  shall  go 
somewhat  into  the  details  of  these,  without  however  taking  into 
account  the  complicated  histological  changes,  information  concerning 
which  is  given  in  text-books  of  histology. 

The  process  of  ossification  takes  externally  a  somewhat  different 
turn  according  as. the  cartilages  are  small  and  uniformly  developed 
in  all  directions,  as  in  the  wrist  and  ankle,  or  have  become  more 
elongated. 

In  the  first  case  the  course  of  development  is  more  simple.     From 
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the  perichondrium  vascular,  richly  cellular  connective-tissue  processes 
grow  into  the  cartilage,  dissolve  its  matrix,  and  unite  with  one 
another  in  its  centre.  There  arises  a  network  of  medullary  [marrow] 
cavities,  in  the  vicinity  of  which  there  is  a  deposit  of  salts  of  lime  (& 
provisional  calcification).  The  medullary  spaces  extend  farther  ancl 
farther  by  destruction  of  the  cartilaginous  substance.  Then  there 
are  secreted  by  the  superficially  located  medullary  cells  bone-lamellae, 
which  gradually  increase  in  thickness.  The  osseous  nucleus  thus 
formed  slowly  increases  in  size,  until  finally  the  cartilage  is  almost 
entirely  replaced,  only  a  thin  layer  of  it  remaining  at  the  surface  as. 
a  covering  to  the  bone. 

The  ossification  of  the  wrist-  and  ankle- bones  is  therefore  purely 
endochondral,  and  proceeds  ordinarily  from  one,  sometimes  from  two, 
centres  of  ossification.  It  does  not  begin  until  very  late — in  the  first 
year  after  birth.  The  only  exception  occurs  in  the  foot,  where  the 
os  calcis  and  astragalus  acquire  a  bony  nucleus  in  the  sixth  and 
seventh  months,  and  the  cuboid  begins  to  ossify  a  short  time  before 
birth.  In  the  others  ossification  takes  place  after  birth,  and,  as- 
KOLLIKER  states,  in  the  following  order  : — 

I.  In   the  hand.     (1)  Os   magnum   and    unciform    (first   year) ; 
(2)  cuneiform  (third  year) ;  (3)  trapezium  and  lunar  (fifth  year) ; 
(4)   scaphoid   and   trapezoid   (sixth  to  eighth   year);    (5;    pisiform 
(twelfth  year). 

II.  In  the  foot.     (1)  Os  scaphoideum  (first  year) ;  (2)  internal  and 
middle  cuneiform  (third  year)  ;  (3)  external  cuneiform  (fourth  year). 

Concerning  the  cartilaginous  fundaments  of  a  special  central e  carpi,  which, 
usually  is  not  retained  as  a  separate  carpal  element  (ROSENBERG),  as  well  as 
a  special  intermedium  tarsi  or  trigonum  (BARDELEBEN),  the  text-books  of 
comparative  anatomy  are  to  be  consulted. 

The  process  of  ossification  is  more  complicated  in  the  long  car- 
tilages, in  which,  moreover,  it  begins  much  earlier,  usually  even  in 
the  third  month  of  embryonic  life.  The  course  of  ossification  is 
fairly  typical. 

At  first  a  perichondral  ossification  takes  place  midway  between 
the  ends  of  each  cartilage  in  the  humerus  and  femur,  tibia  and 
fibula,  radius  and  ulna.  From  the  perichondrium  there  is  deposited 
upon  the  already  formed  cartilage  bony  tissue  instead  of  a  car- 
tilaginous matrix,  so  that  the  middle  portion  of  the  cartilage  becomes- 
ensheathed  in  a  bony  cylinder,  which  is  continually  increasing  in 
thickness. 

4] 
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The  further  growth  of  the  skeletal  element  thus  composed  of  two 
tissues  proceeds  in  two  ways :  first  by  growth  of  the  cartilage,  and 
secondly  by  increase  of  bony  substance. 

The  cartilaginous  tissue  increases  at  both  ends  of  the  skeletal 
piece  and  contributes  to  the  increase  of  the  latter  both  in  length  and 
thickness.  In  the  middle,  on  the  contrary,  where  it  is  enveloped  in 
a  bony  cylinder,  it  ceases  to  grow.  Here  there  is  a  continual  ad- 
dition of  new  bony  lamellae  upon  those  already  formed;  they  are 
produced  by  the  original  perichondrium,  or,  as  one  may  now  more 
properly  say,  by  the  periosteum. 

In  this  process  the  successive  lamellae  extend  farther  and  farther 
toward  the  two  ends  of  the  skeletal  piece ;  new  portions  of  the 
cartilage  are  being  continually  ensheathed  in  bone  and  restricted  in 
their  growth. 

The  periosteal  bony  sheath  assumes  in  consequence  the  form  of 
two  funnels  united  at  their  apices. 

The  cartilage  which  fills  up  the  funnels  early  undergoes  a  gradual 
metamorphosis  and  degeneration.  From  the  osseous  sheath  there 
grow  into  it  connective -tissue  strands  with  blood-vessels,  which 
dissolve  the  matrix  and  produce  larger  and  smaller  marrow-cavities. 
Then,  by  the  secretion  of  osseous  tissue  at  the  surface  of  the 
persisting  remnants  of  cartilage,  there  is  developed  a  spongy  bone- 
substance,  which  fills  up  tha  funnel-shaped  cavities  of  the  compact 
bony  mantle  produced  by  the  periosteum.  The  spongy  bone  is, 
however,  only  an  evanescent  structure.  It  in  turn  is  gradually 
dissolved,  beginning  at  the  middle  of  the  skeletal  element,  and  its 
place  is  occupied  by  a  very  vascular  marrow.  In  this  way  there 
arises  in  the  originally  quite  compact  cartilaginous  fundament  the 
large  central  medullary  cavity  of  the  long  bones. 

During  these  processes  the  two  ends  still  remain  cartilaginous,  and 
serve  for  a  long  time  by  their  growth  to  increase  the  length  of  the 
skeletal  element.  They  are  designated  as  the  two  epiphyses,  in 
distinction  from  the  middle  piece,  which  is  the  first  to  ossify,  and 
which  has  received  the  name  diaphysis.  The  latter  increases  in  size 
at  the  expense  of  the  epiphysial  cartilages,  for  the  endochondrai 
process  of  ossification  progresses,  with  a  very  distinct  line  of  ossifica- 
tion, toward  both  ends. 

A  new  complication  in  the  development  of  the  tubular  (long) 
bones  arises  either  a  short  time  before  or  in  the  first  years  after 
birth.  There  are  then  developed  in  the  middle  of  each  epiphysis 
special  centres  of  ossification,  the  so-called  epiphysial  nuclei;  there 
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are  first  produced,  in  the  manner  previously  described,  vascular  canals, 
which  arise  by  the  dissolution  of  tho  cartilaginous  substance;  the 
canals  unite  to  constitute  large  medullary  spaces,  at  the  surfaces  of 
which  osseous  tissue  is  then  secreted. 

By  a  slowly  progressing  enlargement  of  the  bony  nucleus,  which 
continues  for  years,  the  epiphysial  cartilage  is  gradually  converted 
into  a  spongy  osseous  disc,  being  finally  reduced  to  small  remnants. 
First,  there  is  preserved,  as  an  investment  of  the  free  surface,  a  layer 
only  a  few  millimetres  thick,  which  constitutes  the  "articular 
cartilage."  Secondly,  there  remains  for  a  long  time  a  thin  layer  of 
cartilage  between  the  older,  bony  middle  piece  and  the  bony  disc-like 
epiphysis,  and  this  serves  to  keep  up  the  elongation  of  the  skeletal 
part.  For  the  cartilage  grows  vigorously  by  the  proliferation  of  its 
cells,  and  thus  is  being  renewed  as  fast  as  its  two  flat  surfaces  are 
•dissolved  away  by  the  endochondral  ossification  which  takes  place  at 
its  expense,  both  by  the  growth  of  the  bony  epiphyses  and,  to  a  much 
greater  extent,  by  that  of  the  more  rapidly  elongating  diaphysis. 

Thus  it  happens  that  long  bones  which  have  not  yet  ceased 
growing  can  be  divided  into  three  pieces,  if  the  organic  parts  are 
removed  by  maceration.  A  fusion  into  a  single  osseous  piece  does  not 
take  place  until,  at  the  time  of  maturity,  the  increase  in  the  length 
of  the  body  has  ceased.  Then  the  thin  plates  of  cartilage  between 
the  diaphysis  and  its  two  epiphyses  are  broken  down  and  converted 
into  bony  tissue.  From  this  time  forward  a  further  increase  in  the 
length  of  the  bone  is  impossible. 

Besides  the  three  typical  and  chief  centres  already  described,  from 
which  the  ossification  of  the  cartilaginous  fundament  of  a  tubular 
bone  proceeds,  there  are  established  in  many  cases  smaller  centres  of 
ossification  of  secondary  importance,  which  are  denominated  accessory 
bone-nuclei.  They  always  arise  in  the  later  years,  when  the  epiphyses 
are  well  developed,  and  sometimes  not  until  they  are  in  process  of 
fusion  with  the  diaphysis.  They  then  appear  at  places  where  the 
cartilaginous  fundament  possesses  elevations  and  projections,  as  in 
the  tubercles  of  the  humerus,  in  the  trochanters  of  the  femur,  the 
epicondyles,  etc.  They  serve  for  the  conversion  of  these  elevations 
into  osseous  masses,  which  are  generally  the  last  to  fuse  with  the 
chief  bone. 

After  this  general  description,  I  add  some  detailed  statements 
about  the  formation  and  the  number  of  the  more  important  bony 
nuclei  in  the  fundaments  of  the  separate  tubular  bones,  concerning 
which  we  have  the  extensive  investigations  of  SCHWEGEL. 
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1.  The  diaphysis  of  the  humerus  ossifies  in  the  eighth  week.     Epiphysial 
nuclei  are  not  formed  until  after  birth,  at  the  end  of  the  first  or  beginning  of 
the  second  year.     In  the  second  year  there  appear  accessory  nuclei  in  th_> 
tuberculum  majns  and  minus ;  during  and  after  the  fifth  year  in  the  epicondyles 
also. 

2.  The  diaphyses  of  the  radius  and  ulna  also  begin  to  ossify  in  the  eighth 
week.    Epiphysial  nuclei  do  not  appear  until  between  the  second  and  the  fifth 
years.    Accessory  nuclei  are  observed  rather  late  in  the  styloid  processes. 

3.  The    metacarpals    begin  to   ossify  in   the  ninth   week,   but,   with   the 
exception  of  the  metacarpal  of  the  thumb,  there  arises  only  one  epiphysis, 
which  is  at  the  distal  end.     This  acquires  in  the  third  year  its  own  centre  of 
ossification. 

4.  The  ossification   begins  in  the  phalanges  at  the  same  time  as  in  the 
metacarpals. 

5.  The  femur  begins  to  ossify  in  the  seventh  week.    A   slwrt  time   before 
birth  there  is  formed  in  the  distal  epiphysis  a  centre  of  ossification,  which  is  a 
part  of  the  evidence  that  a  child  has  been  carried  to  the  full  time,  and  therefore 
possesses  a  certain  importance  for  forensic  purposes.     After  birth  an  epiphysial 
nucleus  soon  appears  in  the  head  of  the  femur.     Accessory  nuclei  are  formed 
in  the  fifth  year  in  the  trochanter  major,  in  the  thirteenth  or  fourteenth  in 
the  trochanter  minor. 

6.  Tibia  and  fibula  acquire  epiphysial  nuclei  in  the  first  and  third  years  after 
birth,  first  at  the  proximal,  then  at  the  distal  end,  the  ossification  in  the 
fibula  occurring  about  a  year  later  than  that  in  the  tibia.    GEGENBAUB 
regards  this  as  indicating  a  subordination  of  the  functional  importance  of  the 
fibula  in  comparison  with  the  tibia. 

7.  The  patella  begins  to  ossify  in  the  third  year. 

8.  To  the  metatarsals  and  the  phalanges  of  the  toes  applies  in  general  all 
that  has  been  said  about  the  corresponding  parts  of  the  hand. 


(c)  Development  of  the  Joints. 

Inasmuch  as  the  separate  pieces  of  cartilage  in  the  body  are- 
formed  by  histological  differentiation  in  the  connective-tissue  layers, 
they  are  at  first  united  to  one  another  by  remnants  of  the  parent 
tissue.  This  generally  acquires  a  more  compact  fibrous  condition 
and  is  converted  into  a  special  ligament. 

Such  a  union  of  the  separate  skeletal  elements  is  the  prevailing 
method  in  the  lower  Vertebrates,  as,  e.g.,  in  the  Sharks.  In  the 
higher  Vertebrates,  including  Man,  it  is  retained  in  many,  but  not 
all,  place?,  as,  e.g.,  in  the  vertebral  column,  where  the  bodies  of  the- 
vertebras  are  joined  to  each  other  by  inter  vertebral  discs  of  con- 
nective tissue.  But  at  the  places  where  the  apposed  skeletal  parts 
acquire  greater  freedom  of  motion  upon  each  other,  there  appears,, 
in  place  of  the  simpler  connective -tissue  union,  the  more  complicated 
articular  connection. 
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In  the  development  of  the  joints  the  following  general  phenomena 
occur : — 

Young  cartilaginous  fundaments,  as,  e.g.,  those  of  the  thigh  and 
leg,  are  in  early  stages  separated  at  the  place  where  the  articular 
cavity  is  subsequently  formed  by  a  very  cellular  intermediate  tissue 
(the  intermediate  disc  of  HENKE  UND  EEYHER).  This  subsequently 
diminishes  in  extent,  because  the  ends  of  the  cartilages  grow  at  its 
expense.  In  many  cases  it  disappears  entirely,  so  that  the  terminal 
surfaces  of  the  skeletal  parts  concerned  are  for  some  distance  in 
immediate  contact. 

The  specific  curvature  of  the  articular  surfaces  is  by  this  time 
more  or  less  well  established.  This  is  accomplished  at  a  time  when 
there  is  as  yet  no  articular  cavity,  and  when,  moreover,  movements 
of  the  skeletal  parts  cannot  be  executed,  because  the  muscles  are  not 
capable  of  functioning. 

From  this  it  follows  that  during  embryonic  life  the  articular 
surfaces  cannot  acquire  their  specific  form  under  the  influence  of 
muscular  activity,  and  that  they  are  not  formed,  as  it  were,  by 
attrition  and  adaptation  to  each  other  in  consequence  of  definite 
recurrent  movements  in  a  simply  mechanical  way,  as  has  been 
assumed  by  many.  The  early  appearing  typical  form  of  the  joint 
seems  therefore  to  be  inherited  (BERNAYS).  Muscular  activity  can  be 
effective  only  for  alterations  at  later  stages;  it  is,  however,  not 
without  influence  in  the  further  development  and  formation  of  the 
articular  surfaces. 

When,  after  the  disappearance  of  the  intermediate  tissue,  the 
surfaces  at  the  ends  of  the  developing  cartilages  come  into  immediate 
contact,  there  arises  between  them  a  narrow  fissure  as  the  first 
fundament  of  the  articular  cavity.  This  is  bounded  directly  by  the 
hyaline  articular  cartilage,  which  does  not  here  possess  any  peri- 
chondrium.  Then  a  sharper  delimitation  of  the  articular  cavity 
from  the  surrounding  connective  tissue  gradually  takes  place,  inas- 
much as  a  firmer  connective-tissue  layer,  which  becomes  the  capsular 
ligament,  is  developed  from  one  cartilage  to  the  other,  and  addi- 
tional fibrous  tracts  are  converted  into  separate  tense  articular 
ligaments. 

The  process  of  development  takes  a  somewhat  different  course 
when  the  articular  surfaces  do  not  fit  into  each  other.  In  these 
cases  the  ends  of  the  cartilages  cannot  come  into  immediate  contact 
in  the  manner  previously  described  ;  they  now  remain  separated  by 
more  or  less  considerable  remnants  of  the  richly  cellular  intermedicite 
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tissue,  which  then  assumes  more  and  more  the  condition  of  compact 
fibrous  tissue. 

When  the  intermediate  tissue  is  preserved  in  its  whole  extent, 
there  arises  a  fibro-cartilagmous  interarticular  disc  (intermediate 
or  interpolated  cartilage),  which  is  inserted  as  an  elastic  cushion 
between  the  skeletal  pieces.  There  is  formed  an  articular  fissure 
between  the  ligamentous  disc  and  the  terminal  surfaces  of  each  of 
the  articular  cartilages,  or,  in  other  words,  there  is  developed  an 
articular  cavity,  which  is  divided  into  two  by  means  of  an  interpolated 
disc. 

Finally,  a  special  modification  of  the  joint  occurs  when  the  carti- 
lages are  partly  in  contact  and  partly  remain  separated  by  inter- 
mediate tissue.  In  this  case  there  appears  at  the  place  of  contact 
a  single  articular  cavity ;  laterally,  however,  this  is  enlarged  by 
the  incongruent  parts  of  the  cartilaginous  surfaces  becoming  split  oft 
from  the  intermediate  tissue  separating  them.  Thus  there  arises  an 
articular  cavity  which,  it  is  true,  is  single,  but  into  which  are  thrust 
from  the  articular  capsule  the  metamorphosed  products  of  the  inter- 
mediate tissue,  which  constitute  the  so-called  semi-lunar  fibro- carti- 
lages or  the  menisci,  as  in  the  case  of  the  knee-joint. 

As  was  previously  described  in  treating  of  the  development  of  the 
bones  of  the  extremities,  there  is  preserved,  even  after  the  termination 
of  the  process  of  ossification,  an  exceedingly  small  remnant  of  the 
cartilaginous  fundament,  which  forms  on  the  articular  surfaces  a 
cartilaginous  covering  only  a  few  millimetres  thick.  The  articular 
ends  of  all  bones  that  are  developed  out  of  a  cartilaginous  fundament 
possess  such  a  covering. 

It  is  different  when  bones  that  have  been  produced  directly  in 
connective  tissue  (the  covering  bones)  are  united  to  each  other  by 
a  veritable  joint.  Such  a  case  occurs  in  the  articulation  of  the 
lower  jaw  in  Mammals.  The  glenoid  process  of  the  lower  jaw,  as 
well  as  the  glenoid  fossa  of  the  squamous  portion  of  the  temporal 
bone,  is  in  this  case  covered  with  a  thin  layer  of  unossifiecl  tissue.  It 
looks  like  cartilage,  and  usually  is  described  as  such.  But  microscopic 
examination  shows  that  it  is  composed  exclusively  of  layers  of  con- 
nective-tissue fibres. 

As  there  are  bones  which  are  preformed  in  cartilage  and  others  tohich 
are  preformed  in  connective  tissue,  so  a  distinction  must  be  made 
between  joints  with  a  covering  of  hyaline  cartilage  and  joints  with 
a  covering  of  fibrous  connective  substance. 
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SUMMARY. 
A.  The  Vertebral  Column. 

1.  During    development    the   vertebral   column   passes   through 
several  (from  lower  to  higher)  morphological  conditions,  of  which  the 
lower  are  permanently  preserved  in  the  inferior  classes  of  Vertebrates, 
whereas  in  the  higher  classes  they  appear  only  at  the  beginning  of 
development  and  are  then  replaced. 

2.  In  the  axial  skeleton  three  different  stages  of  development  are 
distinguished : — 

(1)  As  chorda  dorsalis  (notochord), 

(2)  As  cartilaginous  and 

(3)  As  osseous  vertebral  column. 

3.  The  chorda  is  developed  out  of  a  tract  of  cells  (chorda-entoblastr 
fundament  of  the  chorda)  lying  below  the  neural  tube  and  belonging 
to  the  inner  germ-layer,  from  which  it  is  detached  by  abstriction 
(chordal  folds). 

4.  The  chorda  is  a  rod  composed  of  vesiculated  cells  and  bounded 
superficially  by  a  firm  sheath ;  it  begins  with  a  pointed  end  beneath 
the  mid-brain  vesicle  (in  the  region  of  the  future  sella  turcica  of  the 
cranial  floor)  and  reaches  to  the  blastopore  (primitive  groove). 

5.  The    chorda   persists   as   a   permanent   skeletal   structure    in 
Amphioxus  and  the  Cyclostomes. 

6.  A  cartilaginous  vertebral  column  is  found  in  the  adults  of  the 
Selachians  and  some  of  the  Ganoids,  while  in  the  remaining  Verte- 
brates it  appears  more  or  less  during  development  as  a  forerunner 
of  the  bony  vertebral  column. 

7.  The  cartilaginous  vertebral  column  is  developed  by  histological 
metamorphosis  out  of  embryonic  connective  tissue,  a  part  of  which 
envelops   the   chorda  as  skeletogenous  chordal  sheath,   and  a  part 
forms  a   thin   continuous  envelope  (membranous  vertebral  arches) 
around  the  neural  tube. 

8.  The   process   of   chondrification   begins  on   both  sides  of   the 
chorda,  progresses  around  it  both  above  and  below,  and  thus  forms 
a  cartilaginous  ring, — the  body  of  the  vertebra, — from  which  the 
process  of   chondrification  advances  dorsally  into  the  membranous 
envelope  of  the  neural  tubes,  producing  the  arches  of  the  vertebrae 
and  ceasing  with  the  formation  of  the  vertebral  spines. 

9.  It  is  not  until  the  beginning  of  the  process  of  chondrification 
In  the  unsegmented,  connective-tissue,  skeletogenous  chordal  sheath 
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that  the  axial  skeleton  undergoes  a  segmentation  into  separate  like 
portions,  which  are  situated  one  behind  another ;  to  accomplish  this, 
remnants  of  the  parental  tissue  do  not  chondrify,  but  become, 
between  the  bodies  of  the  vertebrae,  the  inter  vertebral  discs,  and, 
between  the  arches,  the  ligamenta  intercruralia,  etc. 

10.  The  segmentation  of  the  vertebral  column  has  been  dependent 
in   its  origin  upon  the  segmentation  of  the  musculature,   and  has 
been  effected  in  such  a  way  that  skeletal  segments  and  musculai 
segments  alternate  with   one   another,   and  that   the   longitudinal 
muscle-fibres,  which  lie  alongside  the  axial  skeleton,  are  attached 
by  their  anterior  and  posterior  ends  to  two  [adjacent]  vertebrae  and 
are  capable  of  moving  them  upon  each  other. 

11.  The  chorda  is  more  or  less  restrained  in  its  growth  by  the 
cartilaginous  bodies  of  the  vertebras  surrounding  it,  and  degenerates 
in  different  ways  in  the  different  classes  of  Vertebrates  ;  in  Mammals 
the  part  located  in  the  body  of  the  vertebra  is  completely  obliterated, 
whereas  a  remnant  of  it  is  preserved  between  vertebrae  and  becomes 
the  jelly-core  of  the  intervertebral  disc. 

12.  The    cartilaginous    vertebral   column   is   converted   in   most 
Vertebrates  into  a  bony  one,  by  the  breaking  down  of  the  carti- 
laginous tissue,  which  begins  at  different  places,  and  its  replacement 
by  bony  tissue.     (Formation  of  bone-nuclei  or  centres  of  ossification.) 

13.  The  ossification  of  each  cartilaginous  vertebral  fundament  in 
Mammals  and  Man   proceeds  from  three  centres,  from  one  in  the 
body  and  one  in  each   half   of   the   arch,  to   which   subsequently 
certain  accessory  centres  are  added. 

14.  With  each  vertebral  segment  there  is  associated  a  pair  of  ribs, 
which  arise  by  a  process  of  chondrification  in  the  layers  of  tissue 
which  separate  the  muscle-segments  (the  ligamenta  intermuscularis). 

15.  In  Man  the   various  regions   of   the   vertebral   column   are 
produced  by  metamorphosis  of  the  vertebral  and  costal  fundaments. 

(1)  The  thoracic  part  of  the  vertebral  column  (dorsal  vertebrae) 

is  characterised  by  the  following  peculiarities :  the  ribs 
attain  to  complete  development ;  a  part  of  them  become 
expanded  at  their  ventral  ends,  and  united  to  form  the 
two  sternal  bars,  by  the  fusion  of  which  the  unpaired 
sternum  is  produced.  (Fissura  sterni,  an  arrested  forma- 
tion.) 

(2)  In  the  cervical  and  lumbar  regions  of  the  column  the  funda- 

ments of  the  ribs  remain  small,  and  fuse  with  outgrowths 
from  the  vertebrae — the  transverse  processes — to  form 
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the  lateral  processes.  In  the  neck-region  there  is  retained, 
between  the  transverse  process  and  the  rudiment  of  the 
rib,  the  foramen  transversarium  for  the  vertebral  artery. 

(3)  Atlas  and  epistropheus  [axis]  assume  special  forms,  owing  to 

the  fact  that  the  body  of  the  atlas  remains  separate  from 
the  fundaments  of  its  arch,  and  unites  with  the  body  of 
the  axis  to  form  its  odontoid  process.  (Separate  centre 
of  ossification  in  the  odontoid  process.) 

(4)  The  sacrum  results  from  the  fusion  of  five  vertebrae  and  the 

sacral  ribs  belonging  to  them.  The  latter  by  their  fusion 
produce  the  so-called  niassse  laterales,  which  bear  the 
articular  surfaces  for  the  ilium. 

B.  The  Head-Skeleton. 

16.  The   skull,  like   the  vertebral   column,  passes  through  three 
morphological  conditions,  which  are  designated  as  membranous  and 
as  cartilaginous  primordial  cranium  and  as  bony  cranial  capsule. 

17.  The  membranous  primordial  cranium  consists  of — 

(1)  The  anterior  end  of  the  chorda,  which  extends  to  the  anterior 

margin  of  the  mid-brain  vesicle,  and 

(2)  A   connective-tissue  layer,  which  surrounds  the  chorda  as 

skeletogenous  layer,  and  also  furnishes  a  membranous 
investment  around  the  five  brain-vesicles. 

18.  The  cartilaginous  primordial  cranium  arises  by  a  histological 
metamorphosis  of  the  membranous  one. 

(1)  At  the  sides  of  the  chorda  there  are  first  formed  two  car- 

tilaginous rods,  the  two  parachordals,  which  soon  grow 
around  the  chorda  both  above  and  below,  and  become 
united  into  a  single  cartilaginous  plate. 

(2)  In   front   of   the   parachordals  RATHKE'S  trabeculse  cranii 

make  their  appearance ;  their  posterior  ends  soon  unite 
with  the  parachordal  cartilages,  their  anterior  ends 
become  enlarged  and  by  fusing  with  each  other  produce 
the  ethmoid  plate ;  in  the  middle  they  remain  for  a  long 
time  separate  and  embrace  the  hypophysis  (region  of 
sella  turcica). 

3)  From  the  cartilaginous  base  of  the  cranium  thus  produced, 
the  process  of  chondrification,  as  in  the  development  of 
the  vertebral  column,  first  extends  into  the  lateral  walls, 
and  at  last  into  the  roof  of  the  membranous  primordial 
cranium,  partly  enclosing  the  higher  sensory  organs. 
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19.  Ill  the  Selachians  the  cartilaginous  primordial  cranium  is  a 
permanent  structure,  and  possesses  rather  thick  uniform  walls ;  in 
Mammals  and  Man,  on  the  contrary,  it  is  of  only  short  duration, 
serving  as  foundation  for  the  bony  cranial  capsule  that  takes  its  place; 
it  is  therefore  less  completely  developed  than  in  Selachians,  for  only 
the  base  and  lateral  parts  are  in  all  cases  cartilaginous,  whereas  the 
roof  presents  large  openings  closed  by  dermal  membranes. 

20.  From   its  relation    to   the    chorda   dorsalis,   there    are    dis 
tinguishable   in   the   cartilaginous   primordial    cranium    two    chiet 
portions, — a  vertebral  (chordal)  and  a  non-vertebral  (prechordal), — 
or,  according  to   its  relations  to   the   sensory    organs,   it   may   be 
divided   into    four    regions — ethmoidal,    orbital,    labyrinthal,    and 
occipital. 

21.  As  the  ribs  are  associated  with  the  vertebral  column  in  the 
form  of  ventral  arched  structures,  so  also  the  visceral  skeleton  is 
united  to  the  primordial  cranium  in  the  head-region. 

22.  The  visceral  skeleton  is  composed  of  segmented  cartilaginous 
rods,  which  have  arisen  by  a  process  of  chondrification  in  the  tissue 
of  the  membranous  visceral  arches  between  the  successive  visceral 
clefts. 

23.  The  cartilaginous  throat-  or  visceral  arches  are  well  developed 
only  in  the  lower  Vertebrates  (permanently  in  the  Selachians),  and  are 
distinguished,  according  to  differences  of  position  and  form,  as  jaw- 
arch,  hyoid  arch,  and  branchial  arches,  the  last  being  variable  in. 
number. 

24.  The   jaw-arch   is    divided   into  the  cartilaginous  upper   jaw 
(palato-quadratum)  and  the  cartilaginous  lower  jaw  (mandibulare) ; 
the  hyoid  arch  into  the  hyomandibulare,  the  hyoides,  and  the  unpaired 
copula. 

25.  In    Mammals   and   Man  the   cartilaginous  visceral   skeleton 
attains  only  a  very  rudimentary  condition,  and  is  converted  into  the 
cartilaginous  fundaments  of  the  three  auditory  ossicles  and  the  hyoid 
bone. 

26.  In  the  membranous  jaw-arch  arise — 

(a)  The  incus,  which  corresponds  to  the  palato-quadratum  of 

lower  Vertebrates ; 

(b)  The  malleus,  which  is  the  representative  of  the  articular 

part  of  the  cartilaginous  mandibulare ;  and 

(c)  The  cartilage  of  MECKEL,  which  corresponds  to  the  remain- 

ing portion  of  the  mandibulare,  but  which  afterwards- 
completely  degenerates. 
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27.  The  membranous  hyoid  arch  furnishes,  [beginning  with]   its 
uppermost  part, — 

(«)  The  bow  of  the  stapes, — whereas  its  plate  is  derived  from 
the  cranial  capsule  and  is,  as  it  were,  cut  out  to  form  the 
fenestra  ovalis, — 

(b)  The  processus  styloideus, 

(c)  The  ligamentum  stylohyoideum,  and 

(d)  The  lesser  horn  and  body  of  the  hyoid  bone. 

28.  The  third  membranous  visceral  arch  is  chondrified  only  in 
its  lowest  [ventral]  part,  to  form  the  greater  horn  of  the   hyoid 
bone. 

29.  At  no  stage  of  its  development  does  the  primordial  cranium 
exhibit  evidence  that,  like  the  vertebral  column,  it  is  composed  of 
separate  segments. 

30.  The  original  segmentation  of  the  head?  is  expressed  in  only 
three  ways — in  the  appearance  of  several  primitive  segments  (myo-  - 
tomes),  in  the  arrangement  of  the  cranial  nerves,  and  in  the  funda- 
ment of  the  visceral  skeleton. 

31.  The  primordial  cranium  is  therefore  an  unsegmented  skeletal 
fundament  in  a  region  of  the  body  that  is  segmented  in  another 
manner. 

32.  The   ossification  of   the  head-skeleton  is  a  much  more   com- 
plicated process  than  that  of  the  vertebral  column. 

33.  Whereas  in  the  vertebral  column  there  are  developed  bones  of 
only  one  kind, — through  substitution  for  cartilage, — there  are  to  be 
distinguished  in  the  ossification  of  the  head-skeleton,  according  to 
their  formation  and  source,  two  different  kinds  of  bone — primary 
and  secondary. 

34.  The   primary  bones  of   the  head  arise  in   the   cartilaginous 
primordial  cranium  and  visceral  skeleton,  like  the  separate  bone- 
nuclei  in  the  cartilaginous  vertebral  column. 

35.  The   secondary   bones,    covering    or    membrane-bones,   arise 
outside  the  primordial  skeleton  of  the  head  in  the  connective-tissue 
foundation  of  the  skin  and  mucous  membrane  ;  they  are  therefore 
dermal  and  mucous-membrane  ossifications,  and  constitute  in  lower 
Vertebrates  a  portion  of  a  dermal  skeleton  that  covers  the  surface 
of  the  whole  body. 

36.  The  covering  bones   are  developed  in  some  instances,  which 
can  be  regarded  as  reproductions  of  the  original  method,  by  fusion  of 
the  bony  bases  of  numerous  denticles  which  arise  in  the  skin  and 
mucous  membrane. 
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37.  Primary  and  secondary  bones  sometimes  remain  separate  in 
later  stages,  sometimes  they  fuse  with   each  other  to  form  bone- 
complexes,  like  the  temporale  and  sphenoidale. 

38.  After  the  conclusion  of  the  process  of  ossification  only  unim- 
portant remnants  of  the  primordial   cranium  persist  as  the  carti 
laginous  partition  of  the  nose  and  as  the  nasal  cartilages. 

C.  The  Skeleton  of  the  Extremities. 

39.  The  skeleton  of  the  limbs,  excepting  the  clavicle,  the  develop- 
ment of  which  exhibits  many   peculiarities,  is  established   in   the 
cartilaginous   stage.       (Cartilaginous   shoulder-girdle,    cartilaginous 
pelvic  girdle,  cartilages  of  arm  and  leg.) 

40.  The  ossification  takes  place,  in  the  same  manner  as  in  the  verte- 
bral column  and  primordial  cranium,  from  centres  of  ossification  by 
disintegration  of  cartilaginous  tissue  and  its  replacement  by  osseous 
tissue. 

41.  The  most  of  the  small  cartilages  of  the  wrist  and  ankle  ossify 
from  a  single  bone-nucleus,  but  the  larger   flat  cartilages   of   the 
shoulder  and  pelvic  girdles  from  several  centres. 

42.  The   cartilaginous  fundaments  of   the   tubular    [long]    bones 
ossify  at  first  in  the  middle,  which  region  is  designated  as  diaphysis, 
whereas   their   two   ends — the   epiphyses — remain  for  a  long  time 
cartilaginous,  and  are  the  means  of  the  elongation  of  the  skeletal 
element. 

43.  In  Man  the  cartilaginous  epiphyses  begin  to  ossify  from  centres 
of  their  own  (epiphysial  nuclei),  some  of  them  in  the  last  month 
before,  others  not  until  after  birth. 

44.  The  fusion  of  the  bony  diaphysis  with  the  bony  epiphyses  does 
not  take  place  until  the  termination  of  the  growth  of  the  skeleton 
and   body  in   length,    and   is  accompanied  by  the  removal  of   the 
intervening  cartilaginous  tissue. 

45.  Before  growth  is  at  an  end  the  tubular  bones  can  be  divided 
into  a  larger  middle  piece  (diaphysis)  and  two  small  bony  epiphyses. 

46.  Of  the  cartilaginous  fundament  of  a  tubular  bone   there  is 
preserved  only  a  small  remnant  as  a  cartilaginous  covering  of  the 
articular  ends  (articular  cartilage). 

47.  The  medullary  cavity  of  the  tubular  bones  is  formed  by  tho 
resorption   of   the   spongy   bone-substance   that   first   replaced   tht/ 
cartilage. 

48.  Whereas  the  articular  ends  of  bones  preformed  in  cartilage 
-are  covered  over  with  hyaline  cartilage,  the  articular  surfaces  of 
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bones  of  connective-tissue  origin  (covering  bones)  present  an  invest- 
ment of  fibrous  connective  substance  (articulation  of  the  jaw). 

49.  The  form  of  the  articular  surfaces  is  determined  at  a  time 
when  an  influence  on  the  part  of  the  musculature  is  not  to  be 
considered 
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—  vasculosa,  185. 

—  vitellina,  185. 
Areola  mamma?.  531. 
Arteria  carotis,  572. 

—  centralis  retinas,  475,  481. 

-  hyaloidca,  475. 

—  iliaca,  576. 

—  omphalomesenterica,  270,  549. 

—  perforans  stapedia,  614. 

—  pulmonalis,  573. 

—  sacralis  media,  576. 

—  spermatica.  386,  390. 

—  subclavia,  572. 

-  umbilicalis,  260,  270,  552,  576. 

—  vertebralis,  572. 
Arterial  system,  570. 
Articular  cartilage,  643. 
Articulare,  625. 

Articulation  of  jaw.  primary,  624. 

—  secondary,  646,  626. 
Atlas,  603. 

Atresia  pupillaa  congenita,  474. 
Atrial  partition,  558. 
Atrioventricular  valve,  555,  559,  561. 
Atrium  bursas  omentalis.  800,  331. 

—  of  heart,  554. 
Auditory  organ,  490. 

—  ossicles,  508,  619. 

—  pit,  491. 

—  ridge,  492. 
-  spot,  492. 

-sac         \f /Invertebrates,  492. 

—  vesicle  /      \Vertebrates,  491. 
Auricle  (external  ear),  509. 

—  (of  heart),  555. 
Auricular  canal  (of  heart),  555. 


660 


INDEX. 


B. 


Basal  plate  of  the   placenta   uterina, 

262. 

Basilar  plate,  606. 
Bell's  law,  460. 

Belly-stalk  of  human  embryo,  245. 
Between-brain,  425. 

—  vesicle,  422,  431. 
Bile-duct,  329. 
Blastoderm.  67. 

Blastodermic  vesicle,  224—  see  Blastula. 
Blastopore,  85,  96,  104,  282. 
Blastosphere,  G8. 
Blastospheric  coelom,  204. 
Blastula,  68,  100,  92,  90,  88,  224. 
Blood,  formation  of,  170,  175. 
Blood-circulation,  single,  557. 

—  double,  557,  586. 
Blood-corpuscles,  embryonic,  183. 
Blood-islands,  179,  183,  551. 
Blood-points,  183. 
Blood-vessel  system,  542. 
Blood-vessels,  formation  of,  186,  175. 
Body,  form  of  the,  194. 

—  of  Amphioxus  and  Amphibia,  195. 

-  of  Fishes,  Reptiles,  and  Birds,  197. 
Body  of  vertebra,  598. 
Bone-nuclei — tee   Centres  of  ossifica- 
tion. 

Bony  labyrinth,  502. 

-  tissue,  541. 

Bowman's  capsule  of  urinary  tubules, 

364. 

Box-within-box  theory,  23. 
Brain,  421. 
Brain-fissure,  anterior.  431. 

—  posterior,  429. 
Brain-plate,  457. 
Brain-sand,  436. 
Brain- vesicles,  421. 

—  first,  439. 

—  second,  431. 

—  third,  430. 

-  fourth,  429. 

—  fifth,  427. 
Branchial  arches,  286,  609. 

—  arteries,  286,  571. 

—  clefts,  285. 
—  furrows,  286. 

-  leaflets,  287,  571. 

—  veins,  287,  571. 
Branchiomeres,  351. 
Branchiomerism,  633. 
Bursa  omentalis,  300,  303. 

C. 

Calcar  avis,  441. 
Canalis  auricularis,  555. 


Canalis  hyaloideus,  475. 

—  incisivus,  517 

—  neurentericus  of  Amphibia,  120. 

—  neurentericus  of  Amphioxus,  110. 

—  neurentericus  of  Birds,  Reptiles, 

etc.,  126,  417. 

—  neurentericus  of  Mammals,  129, 

282,  293. 

—  reuniens,  497. 

—  utriculo-saccularis,  497. 
Cardiac  endothelium,  source  of,  175, 

544. 

Cardinal  veins,  577. 
Carpal  bones,  641. 
Cartilaginous  tissue,  540. 
Caruncula  lacrymalis,  487. 
Cauda  equina,  421. 
Caudal  fold,  200. 

—  gut,  292. 

—  sheath,  209. 
Cavum  tympani,  507 
Cella  media,  443. 
Cell-budding,  31. 

Cell-patches    (chorionic    epithelium), 

261. 
Central  canal  of  the  spinal  cord,  419 

—  furrow  of  the  cerebrum,  447. 

—  lobe  of  hemispheres,  442. 
Centres  of  ossification,  643,  599 
Centrolecithal  eggs,  12. 
Centrosomes,  53. 

Cephalic  curvature,  284. 

—  elevation,  202. 

—  flexure,  423. 

-  process— see  Head-process. 

—  see  also  Head. 
Cerebellum,  430. 

—  vesicle  of,  422. 
Cerebral  mantle,  426. 

-  vesicle,  422. 

—  vesicles — see  Brain-vesicles 
Cervical  cavity,  546,  566. 

-  fistula,  290. 

—  ribs,  602. 

—  sinus,  289. 

—  vertebrae,  602. 
Chalaza,  18. 
Chief  germ,  189. 
Chorda  dorsalis,  110,  593. 

—  fundament  of,  110,  117. 

—  tympani,  508,  621. 
Chordal  canal,  132. 

—  groove  of  Amphibia,  119. 

—  groove  of  Amphioxus,  111. 

—  groove  of  Birds,  Selachians,  Mam- 

mals, 130,  131. 

—  sheath,  594. 

—  sheath,  skeletogenous,  595. 
Choriocapillaris,  482. 
Chorion,  9. 


INDEX. 


661 


Chorion  frondosum,  249,  259. 

—  laeve.  249. 

—  of  Mammals,  230. 

-  of  Man,  248. 
Chorionic  epithelium,  261,  268. 

—  villi,  248.  260. 

Choroid  fissure  (brain),  441,  443. 

-  (optic  cup),  483. 
Choroidea,  483. 

Chromatin  of  nucleus,  9,  52,  55. 
Chromosomes,  42,  52. 
Cicatricula,  15. 
Ciliary  body,  478,  483. 

—  processes,  479. 
Circumcrescence-margin  of  germ-disc,    i 

123,  139. 
Claustrum,  442. 
Clavicle,  639. 
Cleavage,  process  of,  51. 

—  equal,  57. 

-  history  of,  69. 

-  partial,  discoidal,  57,  62. 

-  partial,  superficial,  57,  66. 

—  scheme  of,  57. 

-  unequal,  57,  58. 
Cleavage-cavity,  67. 
Cleavage-cells,  secondary,  65. 
Cleavage-nucleus,  40. 

Cleft  palate,  624. 
Clitoris,  400. 
Cloaca,  398. 
Closing  membrane,  286. 

—  plate,  286. 

—  plate  of  brain  (lamina  terminalis), 

423,  440. 

-  plate  of  placenta,  263. 
Coccyx,  600. 

Cochlea,  494,  502. 
Coecum,  301. 
Ccelenteric  folds,  114. 
Ccelenteron,  85,  107,  170. 
Coelom-theory,  153,  189. 
Coloboma  choroidens,  484. 

—  iridis,  484. 
Conarium,  432. 

Cone  of  attraction,  39. 
Conjunctiva!  sac,  486. 
Connective  substance,  170. 

—  tissue,  fibrillar,  540. 
Conus  medullaris,  421. 
Coracoid  process,  638. 
Corium,  521 — see  also  Derma. 
Cornea,  476. 

Cornu  Ammonis,  fold  of,  443. 
Cornua  of  lateral  ventricles  of  brain, 

443. 

Corona  radiata  of  the  egg,  14. 
Corpora  quadrigemin*,  430. 
Corpus  callosum,  446. 
-—  luteum,  380. 


Corpus  papillare,  521. 

—  striatum,  441. 
Corti's  organ,  498,  505. 
Cortical  furrows  of  brain,  446. 
Cotyledons  of  the  embryonic   mem- 
branes of  Ruminants.  234. 

—  of  human  placenta,  259,  262. 
Covering  bones,  616,  619. 

—  enumeration  of,  619. 
Cranium,  605. 

—  facial  part  of,  609. 

Crescentic  groove  of  germ-disc,  93,  96. 

121. 

Crista  acustica,  492.  498. 
Crown-rump  measurement,  319. 
Crura  cerebri,  430. 
Cryptorchism,  392. 
Cuneus,  428. 
Cutis-layer,  343. 
Cutis-plate,  174,  343. 
Cuvier's  duct — see  Ductus  Cuvieri. 


D. 


Daughter-loops  of  nucleus,  53,  54. 
Decidua,  235. 

—  of  Man,  243,  252. 

—  reflexa,  243,  256. 

—  serotina,  243,  257. 

—  vera,  243,  253. 
Decidual  cells,  255. 
Dental  furrow,  309. 

—  groove,  309. 

—  papilla,  307. 

—  ridge.  308. 

—  sac,  310. 
Dentale,  625. 
Derma,  521. 
Dermal  navel,  205. 

—  skeleton,  616. 
-  stalk,  205. 

—  yolk-sac,  205. 
Descemet's  membrane,  477. 
Descensus  ovariorum.  393,  396. 

—  testiculorum,  387,  390. 
Desmohaemoblast,  180. 
Deutoplasm,  8. 
Diaphragm,  567. 
Diaphragmatic  hernia,  569. 

—  ligament  of  the  pronephros.  385. 
Diaphysis  (diaphysial  nucleus),  642. 
Differentiation,   histological,   83,  15(3, 

540. 

Dipli/odont,  309. 
Direction  bodies — see  Polar  cells. 
Discus  proligerus,  15,  380. 
Diverticulum  Nuckii,  397. 
Division  of  labor,  83. 
Dorsum  sellae,  438,  605. 
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Double  organisms,  45. 
Downy  hair,  524. 
Ductus  Botalli,  575,  587. 

-  -  cochlearis,  bony,  503. 

—  cochlearis,  membranous,  494,  497. 

—  Cuvieri,  567. 

—  endolymphaticus,  493. 

—  lingualis,  320. 

—  thyroideus,  320. 

—  tbyreoglossus,  318. 

—  venosus  Arantii,  585. 

-  vitello-intestinalis,  205. 
Dumb-bell  figure  of  egg,  52.   . 
Dural  sheath  of  the  optic  nerve,  486. 

E. 

Ear,  inner,  491. 

—  middle.  508. 

—  outer.  509. 
Ear-capsule — see  Auditory. 
Ear-wax  glands,  528. 
Ectoblast,  86. 
Ectoderm,  86. 

Egg,  "• 

—  abortive,  37. 

—  alecithal.  12. 

—  animal  pole  of,  11. 

—  centrolecithal.  12,  66. 

—  compound,  18. 

—  heterolecithal,  28. 

—  holoblastic,  57. 

—  homolecithal,  26. 

-  merobUstic,  57.  06.  197. 

-  of  Amphibia,  14.  58. 
—  of  Ascaris,  41.  55. 

—  of  Birds.  15,  62. 

—  of  Echinoderms.  7,  38,  51. 

—  of  Mammals,  12. 

—  of  Man,  13. 

—  telolecithai,  12. 
Egg-balls— tee  Egg-nests. 
Egg-cell—  sec  Egg. 
Egg-envelopes,   9 — see  also   Vitelline 

membrane  and  Fcetal  mem- 
branes. 

Egg-membranes — see  Vitelline  mem- 
brane and  Fcet.il  membranes. 

Egg-nests,  375,  376. 

Egg-nucleus,  32. 

Egg-sacs,  376. 

Egg-tubes.  376. 

Egg-yolk,  7. 

Embryonic  area,  193. 

—  spot,  102. 
Enamel-germ,  309. 
Enamel-membrane.  306,  310. 
Enamel-organ,  310. 
Enamel-pulp,  310. 
Endocardium.  544. 


Endochondral  ossification,  59i»,  (Jit). 
Endolymph  of  the  ear,  492. 
Enterocoel,  108. 
Entoblast,  86,  108,  149— we  ahuEnto- 

derm. 
Entoderm.  86,  108,  149 -m;  alsoEnto- 

blast. 

Epicondyles,  644. 
Epidermis,  520. 

—  primitive  (Ilornblatt),  520,   450, 

469. 

Epididymis,  388. 
Epigenesis,  24. 
Epiphysis  cerebri— see  Pineal  body. 

—  -of  bone  (epiphysial  nuclei),  642. 
Epistropheus  (Axis),  603. 
Epithelio-muscular  cells,  346. 
Epitrichium,  520. 

Eponychium,  527. 
Epobphoron,  394. 
Eruption  of  the  teeth,  311. 
I    Ethmoid  bone,  619. 

—  region  of  the  skull,  608. 
j    Ethmoidal  cells,  518. 

Eustachian  tube.  611. 
Extremities,  muscles  of,  636. 

—  nerves  of,  637. 

—  skeleton  of,  635,  640. 
Evolution,  theory  of,  23. 
Eye,  467. 

—  chambers  of,  477. 
Eyelid.  486. 
Eye-membranes.  476. 
Eye-muscles,  352. 

F. 

Fallopian  tube.  395. 

Falx  cerebri,  422,  439. 

Fat  glands,  528. 

Femur,  644. 

Fenestra  ovalis  of  temporal  bone,  613. 

Fertilisation,  history  of,  45. 

—  process  of,  37,  41. 

—  theory  of,  44. 

Fibrin,  canalised,  of  the  placenta,  261. 

268. 

Fibula,  644. 
Filium  terminale,  420. 
Fimbria,  445. 

Fissura  calcarina,  441,  445. 
j     —    cerebri  transversa,  445. 

—  choroidea  (brain),  441,  443. 

—  choroidea  (optic  cup),  483 

—  Glaseri,  621. 

-  hippocampi,  441,  443. 

—  parieto-occipitalis,  441. 

—  petrotympanica,  621,  626. 
Fcetal  membranes,  deciduous,  235, 243. 

—  of  Mammals,  221. 
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Foetal  membranes  of  Man,  241. 

—  of  Reptiles  and  Birds,  206. 
Folds,  formation  of,  77, 155. 
Follicles  of  ovary,  formation  of,  376. 

378. 

Follicular  cells,  12,  376. 
Foramen  incisivum,  622. 

—  ovale,  559,  588. 

—  Monroi,  440. 

—  Pannizzce,  564. 

—  parietale,  432. 

—  of  Winslow,  331. 
Fore-brain,  421. 

—  vesicle,  431). 
Fore-gut,  203,  2S3. 
Formative  yolk,  11. 
Fornix,  441. 

Fossa  rhomboidalis,  425,  428,  429. 

-  Sylvii,  441. 
Fretum  Halleri,  556,  564. 
Frontal  bone,  619. 

-  lobes,  442. 

Fundament    (=  Anlage}—see   Trans- 
lator's Preface,  v. 

—  of  tooth,  304. 

-  of  tooth  of  Man,  309. 

—  of  tooth  of  Selachian,  305. 

—  of  vertebra,  597. 
Funiculus  umbilicalis,  252,  268. 


G. 


Gall-bladder,  329. 
Ganglion  acusticum,  498. 

—  spirale,  502. 
Gartner's  canals,  394. 
Gastrsea-theory.  84,  149. 
Gastrula,  84,  149. 

-  of  Amphibia,  87. 

—  of  Amphioxus,  85. 

—  of  the  Chick,  93. 

—  of  Mammals,  103. 

—  of  meroblastic  eggs,  90. 

-  of  Reptiles,  97. 

—  of  Selachians,  90. 
Gelatin  of  Wharton,  270. 
Gelatinous  core  of  intervertebral  disc, 

597. 

-  tissue,  539. 

—  tissue  of  membranous  ear-capsule, 

500. 
Genital  cord,  387. 

—  eminence,  399. 

-  sec  also  Sexual. 
Germarium,  18. 
Germ-cells,  374. 
Germ-disc,  11. 
Germinal  epithelium,  374. 
Germinative  spot,  7,  9. 


Germinative  vesicle,  7. 

—  degeneration  of.  30. 
Germ-layer,  inner,  86. 

—  inner,  organs  of,  281. 

—  middle,  106   113. 

—  middle,  of  Chaetognatha.  108. 

—  middle,  organs  of,  341. 

—  outer,  86. 

—  outer,  organs  of,  416. 

—  theory,  history  of.  145. 
Germ-layers,  84. 

—  division  of  the  organs  according 

to,  188. 

—  history  of,  145. 
— •  of  Amphibia,  88. 

—  of  Amphioxus,  86. 

—  of  Birds,  92. 

—  of  Mammals.  99. 

—  of  Selachians,  91. 

—  primary,  84. 

Giant  cells  of  the  placenta,  203. 
Gill — see  Branchial. 
Glandula  pinealis.  432. 

—  prehyoidea,  320. 

—  suprahyoidea,  320. 
Glandulse  utricularcs,  252. 
Glandular  area  of  milk-glands,  529. 

—  of  Monotreraes,  530. 
Glomerulus  of  mesonephros,  357. 

—  of  pronephros,  364,  370. 
Graafian  follicle  of  Mammals,  12,  379. 

—  vesicle  of  Mammals,  12.  379. 
Great  fissure  of  brain.  431 — see   also 

Interpallial  fissure. 
Growth,  principle  of  unequal,  76. 
Gubernaculum  Hunteri,  386,  390. 
Gyri,  427,  447. 


H. 

Hair,  522. 

—  bulb  of,  523. 

—  downy,  524. 

—  germ  of,  522. 

—  shedding  of.  525. 
Hair-follicle.  522. 
Hair-papilla,  522. 
Hammer  (malleus),  612,  621. 
Hare-lip,  624. 
Head-cavities,  351. 
Head-gut,  203,  283. 
Heacl-iold,  200. 
Head-musculature,  352. 
Head-process  of  primitive  streak,  124, 

129. 

Head-segments,  169,  351,  458. 
Head-sheath.  208. 
Head-skeleton,  603. 
Heart,  542,  545,  553. 

—  auricles  of,  555 
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Heart,  contractions  of,  651. 
Hensen's  node,  129. 
Hepatic  circulation,  583. 

-  cylinders,  327. 
Hermaphroditism,  402. 
Hernia,  diaphragmatic,  5G9. 
Highmorian  ant  rum,  518. 
Hind-brain,  421. 

-  vesicle,  422. 
Hind-gut,  cavity  of,  203. 
Hippocampal  fold,  443-5. 

-  furrow— see  Fissura  hippocampi. 
Holoblastic  eggs,  67. 
Homolecithal  eggs,  23. 
Howship's  pits,  313. 

Humerus.  641,  644. 
Hydatid  of  oviduct,  305. 

—  of  suprarenal,  390. 
Hydramnion,  251. 
Hyoid  arches,  289,  609,  610. 

-  bone,  613,  619. 
Hyomandibulare,  610. 
Hypobranchial  furrow  of  Tunicates. 

317. 

Hypophysial  pocket,  437,  594,  607. 
—  sac,  437. 
Hypophysis,  43G. 
Hypospadias,  403. 


Idioplasm,  44. 
Ilium,  639. 
Incus,  612. 

Infundibulum,  431,  425. 
Inguinal  canal,  392. 

—  ligament  of  pronephros,  386,  390, 

396. 

—  ring,  392. 

Insertio  centralis,  marginalis,  vela- 
mentosa  of  human  umbilical 
cord,  269. 

Insula  Keilii,  442. 

Intermaxillary,  622. 

Intermediate,  171 — see  also  Mesen- 
chyme. 

—  cartilage  of  the  joints,  645. 

—  cord  (spinal  ganglia),  451. 
[ntermuscular  ligaments,  350. 
Interpallial  fissure  of  brain,  439. 
Interparietale,  619. 
[nterplacentar  spaces  of  placenta,  263, 

263. 
Intervillous  spaces  of  placenta,  263, 

268. 
Intestinal  entrance,  203. 

—  fold,  203. 

—  groove,  203. 

—  loop  of  human  embryo,  297,  301. 

—  navel,  205. 


Intestinal  portal  (anterior   and   pos- 
terior), 203. 
-  stalk,  205. 

—  tube,  281. 

—  see  also  Alimentary. 

1  ntumescentia  cervicalis  et  lumbalis, 

421. 

—  gangliformis  Scarpa,  498. 
Iridal  fissure,  484. 
Iris.  478,  482. 
Ischium,  639. 

J. 

Jacobson's  cartilage,  517. 

—  organ,  514. 
Jaw-arch,  284,  609. 
Jaw-muscles,  351. 

Jelly-core  of  Echinoderm  larva?,  170. 

—  of  intervertebral  disc,  597. 
Joints,  formation  of,  644. 
Jugular  vein,  577. 


K. 


Kidney,  367. 


Labia  majora,  400. 

—  minora,  400. 
Labial  fissure,  623. 
Labyrinth,  membranous,  490. 

—  osseous,  502. 
Labyrinth -region  of  skull,  608. 
Lachrymal  bone,  619. 

—  ducts,  471.  487. 

—  glands,  487. 

—  groove,  487. 

—  tubule,  489. 
Lamina  fusca,  483. 

—  quadrigemina,  430. 

-  spiralis  ossea,  503. 

—  terminalis,  440. 
Lanugo,  524. 
Larynx,  320. 

Latebra  of  Hen's  egg,  16. 
Lateral  folds  of  trunk,  200. 

—  plates,  165. 

—  process  of  vertebra,  -602. 

-  ventricle,  425,  410. 
Lens,  growth  of,  473. 

—  star  of,  473. 
Lens-vesicle,  468,  471. 
Ligamentum  Arantii,  585. 

-  Botalli,  587. 

—  coronarium  hepatis,  570. 

—  hepato-duodenale,  330. 

—  hepato-gastricum,  330. 

—  hepato-umbilicale,  586. 

—  intermusculare,  350.  595. 
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Ligamentum  intcrvertebrale,  596. 

—  laterale    internum   maxilla?    inf., 

626; 

—  ovarii,  396. 

—  phrenico-lienale,  303. 

—  stylo-hyoideum,  613. 

—  suspensorium,  330. 

—  teres  bepatis,  330. 

-  teres  uteri,  386,  396. 

—  vesico-umbilicale  laterale,  577. 

—  vesico-umbilicale  medium, .309. 
Limbs,  635— see  also  Extremities. 
Limbus  Vieussenii,  565. 

Liquor  amnii,  212,  250. 

—  folliculi,  380. 
Liver,  324. 

Liver-circulation,  583. 
Liver-ridge,  326. 

Lobes  of  the  cerebrum,  442. 

-  olfactory,  448,  511. 
Lobus  olfactorius,  448,  511. 
Longitudinal  fissure  of  brain,  440 — see 

also  Interpallial  fissure. 
Lumbar  vertebra,  602. 
Lungs,  320. 

—  alveoli  of,  323. 

—  fundaments  of,  321. 
Lung-sac,  322. 
Lung-vesicle,  primitive,  322. 


M. 


Macula  acustica,  492,  498. 

—  germinativa,  7,  9. 

Male  pronucleus,  40 --see  also  Sperm- 
nucleus. 

Malformations  by  arrested  develop- 
ment, 392,  403,  484,  560,  569, 
575,  601,  623. 

Mamma,  531. 

Mammalia  achoria,  230. 

—  choriata,  230. 

—  deciduata,  236. 

-  indeciduata.  236. 

Mandible  (Maxilla  inf.).  609,  619,  622. 
Mandibular  arch,  284,  609. 

—  articulation,  645. 

-  process,  284,  610. 
Mandibulare,  624,  609. 
Marginal  arch,  443,  446. 

-  germ,  180. 

-  groove,  199. 

-  ridge,  95. 

—  sinus  of  the  placenta,  264. 
Maturation,   phenomena    of,    in    the 

egg,  30. 
Maxilla  inferior — see  Mandible. 

—  superior,  619. 
Maxillary  fissure,  623. 


Maxillary  process,  488,  284,  610. 
Meckel's  cartilage,  612,  621,  622,  624. 
Meconium,  331,  521,  524. 
Mediastinum.  569. 
Medulla  oblongata,  425. 
Medullary  cords  of  ovary.  381,  394. 

—  folds  of  Amphibia,  79. 

—  folds  of  Amphioxus,  110. 

—  folds  of  the  Chick,  125. 

—  furrow,  110,  125. 

—  groove,  110,  125. 

-  plate,  109,  416. 

—  ridges — see  Medullary  folds. 
Meibomian  glands.  487. 
Membrana  adamantine,  310. 

—  capsularis,  474. 

-  capsulo-pupillaris,  474. 

—  chorii,  260. 

—  eboris,  306. 

-  granulosa,  380. 

—  hyaloidea,  475. 

-  limitans,  480. 

—  nictitans,  487. 

—  pupillaris,  474. 

—  reuniens  inferior,  554. 

—  reuniens  superior,  172. 

-  tympani,  509. 

—  vasculosa  lentis,  474. 

—  vitellina,  7,  9. 
Merocytes,  64,  178. 
Mesenchymatic  germ,  154. 
Mesenchyme,  154,  171. 

—  of  Birds,  174. 

—  of  Selachians,  172. 

-  -  theory,  170.  175,  189 
Mesenteries,  295. 
Mesenterium,  108,  295. 

—  commune,  300. 

—  ventrale,  324. 
Mesoblast,  106,  108,  118. 
Mesoblastic    somites,    162  -see    also 

Primitive  segments. 
Mesocardium,  324,  543. 

—  anterius,  543. 

—  posterius,  543. 
Meeocolon,  302. 
Mesoderm,  106,  108,  118. 
Mesogastrium,  296. 

-  anterius,  326. 
Mesoncphric  blastema,  362. 

—  canals,  363. 

—  cords,  363. 

—  duct,  353,  358,  360,  394 

—  tubules,  365. 
Mesonephros,  359. 
Mesorchium,  386. 
Mesovarium,  386. 
Metanephros,  367. 
Micropyle,  41. 
Mid-brain,  421. 
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Mid -brain  vesicle,  430. 
Middle  ear,  508. 

—  plate,  356. 

Middle  germ-layer,  106,  113. 

-  of  Amphibia,  117. 

—  of  Amphioxus,  1 10. 

—  of  Birds,  120. 

—  of  Chaetognatba,  108. 

—  of  Mammals,  110,  129. 

—  organs  of,  341. 
Milk-glands,  528. 
Milk-teeth,  dentition,  309,  312. 
Modiolus,  502. 

Morgagni's  hydatid,  395. 

Morula,  56,  68. 

Mouth,  development  of  the  permanent, 

283. 

Mulberry-sphere,  56,  68. 
Mullerian  duct,  369,  386,  395. 
Multiple  organisms,  45. 
Muscle-layers  of  Amphioxus  and  Cy- 

clostomes,  343. 
Muscle-plate,  174,  348. 
Musculature  of  the  extremities,  350. 

—  of  the  head,  352. 

—  voluntary,  342,  346. 
Musculus  cremaster,  392. 

—  obliquus  abdom.  int.,  392. 
Muskelkastchen,  344,  347. 
Myoccele,  349. 

Myomeres,  343,  350,  598. 
Myomerism,  632. 
Myotome,  362. 

N. 

Nail-plate,  527. 
Nails,  526. 
Nasal  area,  511. 

-  bone,  619. 

—  furrow,  513. 

—  orifice,  inner,  514. 

—  orifice,  outer,  514. 

—  processes,  488,  513. 
Naso-palatal  (Stenson's)  duct,  517. 
Naso-pharyngeal  passage,  517. 
Neck-measurement.  283. 
Nephridial  funnel,  356,  364. 
Nephrostome,  304. 
Nephrotome,  362. 

Nerves,  452. 

Nervous  system,  416,  449. 

Nervus  acusticus,  506. 

—  cochleae,  502. 

-  hypoglossus,  457. 

—  laryngeus  inf.  (recurrens),  575. 

—  lateralis  vagi,  456. 

-  phrenicus,  569. 

—  vagus,  299. 

— -  vestibuli,  502. 


Neural  crest,  450. 

—  plate,  416. 

—  ridge,  450. 

-  tube,  110,  417. 
Nictitating  membrane,  487. 
Nipple,  530. 

Nose.  518. 

Notochord — see  Chorda  dorsalis. 

Nuchal  flexure,  423. 

-  protuberance,  424. 
Nuclear  liquid,  8. 

—  loops,  fission  of,  53.  55. 

—  network,  9. 

—  plate,  53. 

—  spindle,  62. 
Nuclein,  9,  26,  52. 
Nucleoli.  9. 
Nucleus  caudatus,  442. 

—  lentiformis,  442. 
Nutritive  yolk— see  Yolk. 


O. 

Occipital  bone,  617. 

—  lobes,  443. 

—  region.  608. 
Odontoblasts,  306. 
(Esophagus,  297.  299,  320. 
Olfactory  buds.  513. 

-  labyrinth,  518. 

-  lobes,  448,  511. 

—  nerve,  448,  511. 

—  organ.  511. 

—  pit,  511. 

Omentum,  greater,  299,  303. 

—  lesser,  300,  330. 
Obscope,  212. 
Optic  cup,  469,  476. 

—  nerve,  484. 

-  vesicle,  423,  467. 

—  vesicle,  stalk  of,  468. 
Orbital  region,  608. 

Os  acetabuli,  640. 

—  angulare,  622,  625. 

—  articulare.  625. 

—  coccygis,  600. 

-  coracoideum,  638. 

—  dentale,  625. 

—  entoglossum,  610. 

—  ethmoidale,  621. 

—  frontale,  621. 

—  hyoides,  613,  622. 

-  intermaxillare,  622, 

—  interparietale,  619. 

—  ischii,  639. 

-  lacrymale,  621. 

—  lentiforme,  614. 

—  maxillare,  516. 

—  parietale,  621. 
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Os  petrosum,  021. 

—  premaxillare,  622. 

—  pterygoideum,  619* 

—  pubis,  639. 

—  squamosum,  621. 

—  temporale,  620. 

—  tympanicum.  621. 
Osseous  tissue,  541. 
Ossification,  endochondral,  616. 

—  perichondral,  616. 

—  of  vertebras,  599. 
Osteoclasts,  313. 

Ostium  abdominale  tuba3,  369. 

Otolith,  492. 

Outer  germ-layer — see  Germ -layer. 

Ovarium — see  Ovary. 

Ovary,  374. 

Oviduct  of  the  Hen,  17. 

-  of  Man.  395. 
Ovists,  24. 
Ovum — see  Egg. 

P. 

Palatal  fissure,  515,  623. 

—  plate,  515,  611. 

—  velum,  primitive,  2?3,  437. 
Palate,  515,  611,622. 
Palato-quadratum.  609,  624. 
Pancivas,  324,  332. 

Panders  nucleus,  16. 

Papilla  of  milk-glands,  530,  531. 

Papillary  l.odirs  of  skin,  521. 

—  muscles,  563. 
Parablast,  180,  189. 
Parablast-nuclei.  64. 
Paral. last-theory.  189. 
Paruchordal  cartilages,  606. 
I'aradiilyniis,  388. 
Parauuclein,  26. 

Parietal  cavity,  566. 

-  elevation,  281,  424,  431. 

-  eye,  435. 

-  lamella,  171. 

—  lobes,  443. 

-  prominence,  284,  421,  431. 

—  zone  of  blastoderm,  167. 
Paroophoron,  394. 
Parovariurn,  394. 

Pars  coracoidca,  638. 

-  membranacea  of  heart,  564. 
Parthenogenetic  eggs,  34,  36. 
Patella,  61 1. 

Pectcn  of  Bird's  eye,  483. 

Pectoral  girdle,  638. 

Pedunculus  cerebelli  ad  pontem,  429. 

—  cerebri,  550. 

-  flocculi,  429. 
Pelvic  girdle,  638. 
Penis,  -102. 


Pericardia!  cavity,  566. 
Pericardium,  543*,  566. 
Perichondral  ossification,  616. 
Perilymphatic  spaces,  501. 
Perineum,  400. 

Perivisceral  cavity — see  Body-cavity. 
Pes  hippocampi.  441. 
Pfl  tiger's  egg-tubes,  376. 
Pharyngeal  membrane,  594,  283. 
Pia  mater,  429. 

Pial  sheath  of  optic  nerve,  486. 
Pineal  body,  432. 

—  gland,  432. 

—  organ,  432. 

—  process,  432. 
Pituitary  body,  436. 
Placenta  discoidea,  236. 

—  fcetalis,  234,  2.V.). 

—  of  Mammals,  232. 

-  of  Man,  258. 

—  praevia,  259. 

-  titerina,  233,  258. 

—  zonaria,  236. 

Placental  circulation,  263-8,  553. 
Plane  of  division  (egg),  56. 
Pleuro-pericardial  cavity,  566. 

—  fold,  56;>. 

Plexus  choroidcus  ant.,  431. 

—  lateralis,  414. 

-  post,  429. 

Plica  semilunaris,  487. 
Polar  cells,  :52. 

—  corpuscles — see    Polar    cells   and 

Centrosomes. 

—  differentiation  of  egg,  11,  35. 

—  spindle,  43. 

Pole  of  egg,  animal,  11. 

—  vegetative,  11. 
Polyphyodont,  309. 
Polyspermia,  I  (. 
Pons  Varolii,  429. 
Pontal  flexure,  423. 
Portal  circulation,  583. 

—  vein,  584,  586. 
Post-anal  gut.  290,  292. 
Posterior  nares.  611. 
Preformatiou-theory,  23. 
Prehepaticus  (Vcrlefor),  326,330,  567 
Primitive  ova,  374. 

-  groove,  121, 133, 135,  282— see  also 

Blastopore. 

—  mouth — see  Blastopore  and  Primi- 

tive groove. 

—  organs,  86,  187. 

—  segment  plates,  165. 

—  segments,  112,  161. 

—  segments    of    Amphibia,     Birds, 

Mammals,  Reptiles,  112,  Hi.1. 

—  segments  of  Amphioxus,  112,  161 

—  segments  of  the  head,  351. 


668 


INDEX. 


Primitive  segments  of  the  trunk,  342. 

—  spermatic  cells,  374,  382. 

—  streak,  121,  133, 135,  282— *w  also 

Blastopore. 
Primordial  bone?,  615. 

—  bones,  enumeration  of,  619. 

—  cranium,  605. 

—  cranium,  cartilaginous,  595,  607. 

—  cranium,  chordal,  607. 

—  cranium,  evertebral,  607. 

—  cranium,  membranous,  595,  605. 

—  cranium,  prechordal,  607. 

—  cranium,  vertebral,  607. 
Principles  of  development,  76. 
Proamnion.  230. 

Processus  ciliares,  479. 

—  pinealis,  432. 

—  styloideus  of  petrosal.  613. 

—  styloideus  of  radius  and  ulna,  644. 

—  vaginalis  peritonei,  391,  396. 
Prochorion,  224. 

Pronephric  duct,  358,  359. 
Pronephron,  353. 
Pronucleus,  32. 

—  female,  32 — sec  also  Egg -nucleus. 

—  male,  40 — sec  also  Sperm-nucleus. 
Prostata,  402. 

Prostate  gland,  402. 
Protoplasmic  radiation,  40,  51. 
Proto vertebrae,  162,  598— see  also  Pri- 
mitive segments. 

Pterygoid  process  of  sphenoid,  619. 
Pubic  bone,  639. 
Pulmonary  alveoli,  323. 

—  artery,  564. 
Pupil,  478. 


R. 


Radiations  of  protoplasm,  40,  51, 

Radius,  64. 

Rathke's  pocket,  285,  437. 

—  pouch,  285,  437. 

—  trabeculse  cranii,  G06. 
Rauber's  layer,  102. 
Receptive  elevation,  39. 
Recessus  labyrinthi,  493. 
Regio  olfactoria,  515. 

—  respiratoiia,  515. 
Reichert's  cartilage.  613. 
Re-segmentation  of  vertebral  column, 

598. 

Reserve  material,  21. 
Rete  testis,  384. 
Retina,  480. 
Ribs,  6CO. 
Ring-lobe,  442. 
Roots  of  attachment  of  the  chorion, 

260. 
Round  ligament,  886. 


Rusconian  anus,  88. 

—  digestive  cavity,  88. 

S. 

Sacculus,  496. 
Sacral  ribs,  602. 
Sacrum,  602. 
Salivary  glands,  305. 
Scala  tympani,  506. 

—  vestibuli,  506. 
Scapula,  638. 
Schizocoel,  108. 
Sclerotica,  471 . 
Sclerotome,  172.  348,  362. 
Scrotum,  392,  402. 
Sebaceous  glands.  528. 
Seessel's  pocket,  594. 
Segmental  theory  of  skull,  631. 
Segmentation — see  Cleavage. 
Sella  turcica,  438,  607. 
Semicircular  canals,  bony,  503. 

—  membranous,  494. 
Semilunar  valves,  564. 
Seminal  ampullae,  383. 

—  mother-cells,  383. 

—  tubules,  384. 

—  see  also  Spermatic. 
Septa  placentae,  262. 
Septum  atriorum,  558. 

—  transversum,  567,  577. 

—  ventriculorum,  560. 

Sexual  cords  of  the  mesonephros,  381- 
383,  404. 

—  eminence,  899. 

—  folds,  400. 

—  glands — see  Sexual  organs. 

—  groove,  400. 

—  organs,  374. 

—  organs,  external,  397. 

—  part  of  mesonephros,  387,  394. 

—  ridge,  399. 

Sheath  of  the  root  of  hair,  625. 
Shell  of  Hen's  egg,  17. 
Shell-membrane,  17. 
Shoulder-blade,  638. 
Shoulder-girdle,  638. 
Sinus  cervicalis  (precervicalis),  289. 

—  coronarius,  565,  581. 

—  ethmoidales,  518. 
-  frontales,  518. 

—  genitalis,  396. 

—  occipitales,  518. 

—  prostaticus,  389. 

—  reuniens,  558. 

—  sphenoidales,  518. 

—  superior   of   vertical  semicircular 

canals,  496. 

—  terminalis,  184,  549. 

—  urogenitalis,  398. 
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Skeletogeuous  tissue,  172,  348 
Skeleton,  593. 

—  axial,  172,  593. 
Skin,  520. 

Skull,  603. 

-  facial  part  of,  604. 
Smegma  embryonum,  520. 
Sole-horn,  527. 
Somatopleure,  200,  356. 
Somites,  162. 

Spermatic  bodies  of  Nematodes,  42. 

-  cells,  19,  382. 

-  filaments,  19. 

-  mother-cells,  383. 

—  see  also  Seminal. 
Spermatid,  20. 
Spermatozoa,  19. 
Sperm-nucleus,  40. 
Sphenoid,  617,  620. 
Spinal  cord,  418. 

—  ganglia,  449. 
Spindle-fibres.  52. 

Spiracle  of  Selachians,  506,  609. 

Stalk  of  the  brain,  430. 

Stapes,  613. 

Stem-part  of  hemispheres,  442. 

Stem-zone  of  blastoderm,  167. 

Stenson's  duct,  517. 

Sternal  bars,  600. 

Sternum,  600. 

Stomach,  295. 

—  torsion  of,  298. 

Styloid  process  of  petrosal,  613. 

—  of  ulna  and  radius,  644. 
Substantia  perforata  post.,  430. 
Subxtanzinseln,  181. 

Sulcus  centralis,  447. 

—  i  nter  ven  trie  ularis.  555,  560. 

—  tubo-tympanicus,  508. 
Superfetation,  44. 

Supplementary    cleavage,    segmenta- 
tion, 65,  S9,  139. 

—  hair,  525. 

-  teeth,  308. 

-  teeth  of  Man,  312. 
Supra-pericardial  bodies  of  Shark,  288, 

318. 

Suprarenal  bodies,  403. 
Sustentative  substance,  170 — see  also 

Translator's  Preface. 

—  tissue — see  Connective  tissue. 
Sutura  incisiva,  622. 
Sweat-glands,  528. 
Sympathetic,  462. 

T. 

Tsenia  sinus  rhomboid alis,  429. 
Taenire  thalami  optici,  432. 
Tail-fold,  200. 


Tarsus — see  Ankle-bones. 

Teat,  530. 

Teeth,  reserve,  308,  312. 

—  shedding  of  (Mammals),  309. 

—  shedding  of  (Man),  313. 

—  shedding  of  (Shark),  309. 

—  supplementary,  308,  312. 
Tela  choroidea.  anterior,  431. 

—  fold  of,  443. 

—  furrow  of,  443. 

—  inferior,  429. 

-  lateral,  444. 

—  posterior,  429. 

—  superior,  431. 
Telolecithal  eggs,  12. 

—  yolk,  12. 
Temporal  bone,  619,  620. 

—  lobes,  443. 
Tensor  tympani,  508. 
Testa,  18. 

Testis,  382. 

-  envelopes  of,  392. 
Thalamus  opticus,  426. 
Theca  folliculi,  377. 
Theory  of  transmission,  44. 
Thoracic  cavity,  567. 
Throat-clefts — see  Visceral  clefts 
Thymus,  314. 

Thyroid  gland,  317. 
Tibia,  64±. 

Tongue,  fundament  of,  304. 
Total  furrows  of  brain,  441,  446. 
Trabeculae  cranii,  606. 
Trachea,  320. 
Transmission-theory,  44. 
Truncus  arteriosus,  549,  564. 
Trunk-segments,  168,  458. 
Tuba  Eustachii,  506. 

-  Fallopias,  395. 
Tubuli  recti  of  testis,  384. 

—  seminiferi,  384. 
Tunica  propria  testis,  392. 

-  vaginalis  communis,  392. 
Turbinals,  515,  619. 
Tympanic  cavity,  506,  508,  610. 

—  scala,  503. 

U. 

Ulna,  644. 

Umbilical  cord,  252,  268. 

—  vein,  270,  552,  578. 

—  vesicle  of  Man,  251. 

—  vessels,  218,  260,  270,  552,  576. 
Urachus,  217,  399. 

Ureter,  367. 
Urethra,  402. 
Urinary  bladder,  399. 

—  organs,  353. 
Urogenital  system.,  353. 
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Uterine  glands,  235,  252,  253,  271. 
Uterus,  395. 

-  masculinus,  389,  -M-'. 
Utriculus  of  labyrinth,  4«>4,  496. 
Uvea  of  iris,  483. 


V. 

Vagina,  395. 

Valvula  Eustachii,  565. 

—  foraminis  ovalis,  565,  587. 

—  Thebesii,  565. 
Vas  deferens,  388. 
Vascular  endothelium,  175. 

—  glomerulus  of  the  pronephros,  357. 

—  glomerulus  of  the  raesonephros. 

364. 
Vegetative  cells,  60. 

-  pole  of  egg,  11. 
Velum  medullare  ant..  430. 

-  inf.,  sen.,  post.,  4'J'.>. 
Vena  azygos,  583. 

—  cardinalis,  581,  582. 

-  cava  inf.,  578,  582,  583. 

-  cava  sup.,  580,  583. 

—  coronaria,  581. 

—  hemiazygos,  583. 

—  hepatica,  584. 

—  jugularis,  580. 

—  ompbalomesenterica,  251.  270, 550, 

577. 

—  umbilicalis,  270,  552,  578. 

—  vertebralis,  602,  572. 

-  vitellina,  519. 
Venous  system,  577. 
Ventricle  of  brain,  423,  431. 

—  of  heart,  554. 
Ventricular  septum,  560. 
Ventriculus  septi  pellucidi,  446. 

—  (of  heart),  554. 
Vermiform  process  (brain),  430. 

—  appendage  (ccecum),  301. 
Vernix  caseosa,  520. 
Vertebral  body,  597. 

—  column,  cartilaginous,  596. 

—  column,  membranous,  595. 

—  fundament,  596. 

-  theory  of  skull,  627,  632. 

—  theory  of  skull  (Gegenbaur),  630. 

—  theory  of  skull  (Goethe-Oken), 

628. 

Vesicula  blastodermica,  224 — see  also 
Blastula. 


Vesicula  germinativa,  7. 

—  umbilical!?.  251. 
Vestibulum  of  the  ear,  505. 

—  vaginae,  400. 

Villi  of  the  chorion,  248,  259. 
Villous  epithelium,  261,  268. 

—  membrane,  230. 
Visceral  arches,  286,  609. 

—  arches,  cavities  of,  3">1,  566. 

—  arches,  vessels  of,  .071. 

-  clefts,  285. 

—  furrows,  285.  * 

—  grooves,  285. 

—  lamella  of  inesoderm,  174. 

—  skeleton,  609,  620. 
Vitelline  arteries,  270. 

—  area,  185. 

—  circulation,  549,  551. 

—  duct,  205,  230,  251,  270. 

—  membrane,  7,  9,  40. 

-  nuclei,  64,  178. 

—  plug,  H7. 

—  sac,  197,  218. 

—  sac  of  Man,  L>51. 

—  vein?,  550,  577. 

—  wall,  99,  178. 

Vitellus  (Vitelline  plates),   8,   11-17, 

221,  195— sec  also  Yollc 
Vitellus,  7. 

—  formativus,  11. 

—  nutritivus,  11. 
Vomer,  617. 

W. 

Wharton's  gelatin,  270. 
White  yolk,  15. 
Winslow's  foramen,  331. 
Witches'  milk,  531. 
Wolffian  body,  359. 

—  duct,  358,  359. 
Wrist-bones,  641. 

i  Y- 

I   Yellow  yolk,  16. 

i   Yolk— see  Vitelline  and  Vitellus. 


Z. 

Zona  pellucida,  12. 
'  Zonula  Zinnii,  480. 
j  Zygoma,  619. 
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